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Applicants or agent's file reference 
03063-0440WP 


See Notification of Transmittal of International 
FOR FURTHER ACTION Preliminary Examination Report (Fomi PCT/IPEA/416) 


International application No. 


International filing date (day/month/year) 


Priority date (day/month/year) 


PCT/US99/18869 


19/08/1999 


21/08/1998 


International Patent Classification (IPC) or national classification and IPC 
C12N 15/30 


Applicant 






THE GOVERNMENT OF THE UNITED STATES OF ... et al. 





1 . This international preliminary examination report has been prepared by this International Preliminary Examining ALrthority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 6 sheets, including this cover sheet. 

□ This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which hav 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 

I S Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and Industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 



II 


□ 


III 

IV 


□ 


V 




VI 


□ 


VII 


□ 


VIII 





Date of submission of the demand 
16/03/2000 


Date of completion of this report 
20.10.2000 


Name and mailing address of the internationat 
preliminary examining authority: 

^ European Patent Office 
^) D-80298 Munich 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 


Authorized officer ><£5S^5fr\ 

Paresce, D | 0 )) 

Telephone No. +49 89 2399 8995 X^^^;^/ 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/US99/1 8869 



I. Basis of the report 

1 . This report has been drawn on the basis of {substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as **originally filed" and are not annexed to 
the report since they do not contain amendments.) : 

Description, pages: 

1-31 as originally filed 

Claims, No.: 

1-10 as originally filed 

Drawings, sheets: 

1/5-5/5 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

4. Additional observations, if necessary: 

III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non-obvious), 
or to be industrially applicable have not been examined in respect of: 

□ the entire international application. 
H claims Nos. 7. 

because: 
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Kl the said international application, or the said claims Nos. 7 relate to the following subject matter which does 
not require an international preliminary examination {specify): 



see separate sheet 



□ the description, claims or drawings {indicate particular elements tyelow) or said claims Nos. are so unclear 
that no meaningful opinion could be formed {specify): 



□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or Industrial 
applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 4 

No: Claims 1-3,5-10 

Inventive step (IS) Yes: Claims 

No: Claims 4 

Industrial applicability (lA) Yes: -'Claims • 1-6; 8-10 

No: Claims 



2. Citations and explanations 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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Re Item III 

Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

Claim 7 relates to subject-matter considered by this Authority to be covered by the 
provisions of Rule 67.1 (iv) PCT. Consequently, no opinion will be formulated with 
respect to the industrial applicability of the subject-matter of this claim (Article 
34(4)(a)(i) PCT). 

For the assessment of the present claim 7 on the question whether it is industrially 
applicable, no unified criteria exist in the PCT Contracting States. The patentability 
can also be dependent upon the formulation of the claims. The EPO, for example, 
does not recognize as industrially applicable the subject-matter of claims to the 
use of a compound in medical treatment, but may allow, however, claims to a 
known compound for first use in medical treatment and the use of such a 
compound for the manufacture of a medicament for a new medical treatment. 

Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

- 1) The documents mentioned in this communication are numbered as in the search 
report, i.e. D1 corresponds to the first document of the search report. 

2) Novelty: Article 33(2) PCT 

The subject-matter of claims 1-3, 5-10 is not considered new in the sense of 
Article 33(2) PCT for the following reasons: 

D1 discloses recombinant protein particles carrying one or more epitopes that are 
produced using the pi protein of the retrotransposon Tyl of S. cerevisiae. 
Recombinant Ty virus-like particles (TY-VLPs) were engineered which carried a 
string of up to 1 5 defined cytotoxic T lymphocyte (CTL) epitopes from Plasmodium 
falciparum, along with three T-helper epitopes, an antibody epitope and a heparin- 
binding adhesion motif. The Ty-VLPs have been used to create a candidate 
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vaccine for Plasmodium falciparum malaria. The recombinant Ty-VLPs were 
found to prime protective CTL responses in mice following a single administration 
without adjuvant (see D1, abstract and introduction, p. 1280). Table 1 of D1 shows 
the sequences included in the Ty-VLPs. In particular, D1 discloses the presence 
of is6 and is8 (corresponding to LSA, SEQ ID NO 9 and 10 of the present 
application) from the liver stage in the life cycle of Plasmodium falciparum, TRAP- 
AM (SSP-2, SEQ ID NO 8) from the blood stage and NANP (CSP, SEQ ID NO 4) 
from the sporozoite stage in one recombinant molecule. Figure 4 of D1 shows the 
recognition of Ty-VLPs with an anti-NANP monoclonal antibody. Figure 2 shows 
the induction of pb6-specific CTL in mice following a single immunization with Ty- 
VLPs. 

The IPEA is of the opinion that the recombinant Ty-VLPs carrying CTL epitopes 
from Plasmodium falciparum, disclosed in D1 , would fall under the scope of claims 
1-3, 5-10 of the present application. 

The subject-matter of claim 4 has not been made available to the public by any of 
the available prior art documents and can therefore be regarded as novel. 

2) Inventive Step: Article 33(3) PCT 

- The subject-matter of claim 4 is not considered to involve an inventive.step in the 
sense of Article 33(3) PCT for the following reasons: 

In claim 4, a slight constructional change in the recombinant protein of claim 1 is 
defined which comes within the scope of the customary practice followed by 
persons skilled in the art, especially as the advantages thus achieved can readily 
be foreseen. The procedure of adding a signal peptide and polyhistidine to a 
recombinant protein has been described in the prior art (see D3) and is 
considered one of several straightforward possibilities from which the skilled per- 
son would select. The subject-matter of claim 4, therefore, does not involve an 
inventive step (Article 33(3) PCT). 

VIII. Certain observations on the international appiication 
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1) Clarity: Article 6 PCT 

Article 6 PCT requires amongst other things that the claims, which define the 
matter for which protection is sought (i.e. the object of invention) be clear. This 
has to be interpreted as meaning not only that a claim from a technical point of 
view must be comprehensible, but also that it must define clearly the object of the 
invention, that is to say, it must indicate all the essential features thereof. The 
essential features are regarded as all features which are necessary to obtain the 
desired effect, or differently expressed, those features which are necessary to 
solve the technical problem with which the application is concerned. In other 
words, all technical features which enable the skilled person to put the claimed 
matter into practice without undue burden i.e. without experimentation or without 
application of inventive skill. 

In the present case, claims 2, 3, 6 are directed to a recombinant protein 
comprising peptides of given sequences or to "fragments, combinations, and 
conservative substitutions thereof". These terms should be more precisely 
defined. It is not clear if the claimed fragments or fragment combinations has the 
same properties as the peptide to which it refers. Without a definition of the length 
of the fragment or a precise definition of the meant part of the sequence in 
question, these claims are considered unclear. Furthermore, claim 2 is not clear 
because the term, "combinations thereof" does not clearly and unambiguously 
define the scope of the claim. Without a definition of how exactly the peptides or 
sequences are to be "combined", this phrase is absolutely vague and ambiguous. 
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INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 



AppliCcint's or agent's file reference 
03063-0440WP 


PHR FURTHER see Notification of Transmittal of International Search Report 
rvjn r wn ntn ^^^^ pcT/ISA/220) as well as, where applicable, item 5 below. 
ACTION 


International application No. 
PCT/US 99/ 18869 


International filing date (day/month/year) 

19/08/1999 


(Earliest) Priority Date (day/month/year) 

21/08/1998 


Applicant 

/ 

'the government of the united states of am... et al 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 



sheets. 



This International Search Report consists of a total of 4 

[X] It is also accompanied by a copy of each prior art document cited in this report. 



Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 

I I the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1 (b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 

pr| contained in the international application in written form. 

I I filed together with the international application in computer readable form. 

I I furnished subsequently to this Authority in written form. 

pr| furnished subsequently to this Authority in computer readble form. 

pr| the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 

international application as filed has been furnished. 
in the statement that the information recorded in computer readable form is identical to the written sequence listing has been 

furnished 



2. 
3. 



[X] Certain claims were found unsearchable (See Box I). 
I I Unity of invention is lacking (see Box II). 

With regard to the title, 

[X] the text is approved as submitted by the applicant. 

I I the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

pr| the text is approved as submitted by the applicant. 

□ the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may, 
within one month from the date of mailing of this international search report, submit comments to this Authonty. 



The figure of the drawings to be published with the abstract is Figure No. 



□ as suggested by the applicant. □ None of the figures. 

I I because the applicant failed to suggest a figure. 
I I because this figure better characterizes the invention. 
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Internationa! application No. 

INTERNA AL SEARCH REPORT ^ PCT/ US 99/ 18869 

Box I Observations where certain ciaims were found unsearchabi (Continuation of item 1 of first she t) 

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

1. I X I Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 

Remark: Although claim 7 

is directed to a method of treatment of the human/animal 
body, the search has been carried out and based on the alleged 
effects of the compound/composition. 

2. I I Claims Nos.; 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



3. I I Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacldng (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 



1 - I I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
' ' searchable claims. 

2. I I As all searchable claims could be searched without effort justifying an additional fee, tiiis Authority did not invite payment 
of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
' ' covers only ttiose claims for which fees were paid, specifically claims Nos.: 



4. I I No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest | | The additional search fees were accompanied by the applicant's protest. 

I I No protest accompanied the payment of additional search fees. 
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International Application No 

;J/US 99/18869 



A. CLASSIFICATION OF SUBJECT LR , , 

IPC 7 C12N15/30 C12N15/62 C07K14/445 C07K16/20 A61K39/015 
A61P33/06 G01N33/569 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C07K C12N A61K A61P GOIN 



Documentation searched other than minimum documentation to the extent that such documents are Included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



GILBERT ET AL.: "A protein particle 
vaccine containing multiple malaria 
epitopes" 

NATURE BIOTECHNOLOGY, 

vol. 15, November 1997 (1997-11), pages 

1280-1284, XP002128163 

page 1280, column 2 -page 1283, column 1; 

figures 1-4; table 1 



1-10 



US 5 766 597 A (DE 
16 June 1998 (1998 
column 4, line 8 - 
column 12, 1 ine 26 



TAISNE CHARLES ET AL) 
-06-16) 
line 44 

-column 13, line 14; 



1-10 



claims 1-8; examples 35-39,47 



-/-- 



m 



Further documents are listed in the continuation of box C. 



0 



Patent family members are listed in annex. 



" Special categories of cited documents ; 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the International 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



'T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underiying the 
Invention 

"X'* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document Is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 

19 January 2000 


Date of mailing of the international search report 

04/02/2000 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 


Authorized officer 

van Klompenburg, W 
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Citation of document, with indication.where appropriate, of the relevant passages 


Relevant to claim No. 


A 


WO 96 33736 A (AFFYMAX TECH NV ;BARUCH 
DROR I (US); PASLOSKE BRITTAN L (US); 
HOWA) 31 October 1996 (1996-10-31) 
page 28, line 3 - line 10 
page 74, 1 ine 1 - 1 ine 9 


4 




SHI ET AL.: "Immunogenicity and in vitro 
protective efficacy of a recombinant 
multistage Plasmodium falciparum candidate 
vaccine" 

PROCEEDINGS OF THE NATIONAL ACADEMY OF 
SCIENCES USA, 
vol. 96, no. 4, 

16 February 1999 (1999-02-16), pages 
1615-1620, XP002128164 
cited in the application 
the whole document 


1-10 
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INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



To: 

MCDONALD, John K, 
JONES & ASKEW, LLP 
2400 Monarch Tower 
3424 Peachtree Road, N.E. 
Atlanta, GA 30326 
ETATS-UNIS D'AMERIQUE 



SCANNED 



JUN 2 6 2000 



PCT 



WRITTEN OPINION 
(PCT Rule 66) 



if mailing 
(day/tnonth/year) 



21.06.2000 



Applicant's or agents file reference 
03063-0440WP 



REPLY DUE 



within 3 month(s) 

from the above date of mailing 



Internationa] application No. 
PCT/US99/18869 



Internationa] filing date (day/month/year) 
19/08/1999 



Priority date (day/month/yaar) 
21/08/1998 



International Patent Classification (IPC) or both national classification and IPC 
C12N15/30 



Applicant 

THE GOVERNMENT OF THE UNITED STATES OF ... et al. 



1 . This written opinion is the first drawn up by this International Prellnninary Examining Authority. 

2. This opinion contains indications relating to the following items: 

I S Basis of the opinion 

II □ Priority 

III □ Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

IV □ Lack of unity of invention 

V H Reasoned statement under Rule 66.2{a)(ii) with regard to novelty, Inventive step or industrial applicability: 

citations and explanations supporting such statement 

VI □ Certain document cited 

VII □ Certain defects in the international application 

VIII S Certain observations on the international application 

3. The applicant is hereby invited to reply to this opinion. 

When? See the time limit indicated above. The applicant may, before the expiration of that time limit, 
request this Authority to grant an extension, see Rule 66.2(d). 

How? By submitting a written reply, accompanied, where appropriate, by amendments, according to Rule 66.3. 
For the form and the language of the amendments, see Rules 66.8 and 66.9. 

Also: For an additiona] opportunity to submit amendments, see Rule 66.4. 

For the examiner's obligation to consider amendments and/or arguments, see Rule 66.4 bis. 
For an informal communication with the examiner, see Rule 66.6. 

If no reply is filed, the internationa] pre]iminary examination report will be established on the basis of tills opinion. 

4. The final date by which the international preliminary 

examination report must be established according to Rule 69.2 is: 21/1 2/2000. 



Name and mailing address of the international 
preliminary examining authority: 
European Patent Office 

0-80298 Munich 
Tel. +49 89 2399 - 0 Tx: 523656 epmu d 

Fax: +49 89 2399 - 4465 



Authorized officer / Examiner 
Paresc , D 



Formalities officer (ind. extension of time limits) 
Gazzoli, M 

Telephone No. +49 89 2399 2815 
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I. Basis fth pini n 

1 . This opinion has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office 
in response to an invitation under Article 14 are referred to in this opinion as "originally filed" 

Description, pages: 

1-31 as originally filed 

Claims, No.: 

1-10 as originally filed 

Drawings, sheets: 

1 /5-5/5 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. This opinion has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

4. Additional observations, if necessary: 



V- Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) 
Inventive step (IS) 
Industrial applicability (lA) 

2. Citations and explanations 
s e separat sheet 

m PCT/lPEA/408 (Boxes I- VIM. Sheet 1) (January 1994) 



Claims 1-3,5-10 
Claims 4 
Claims 
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VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether 
claims are fully supported by the description, are made: 

see separate sheet 
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Re Item III 

Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

Claim 7 relates to subject-matter considered by this Authority to be covered by the 
provisions of Rule 67.1(iv) PCT. Consequently, no opinion will be formulated with 
respect to the industrial applicability of the subject-matter of this claim (Article 
34(4)(a)(i) PCT). 

For the assessment of the present claim 7 on the question whether it is industrially 
applicable, no unified criteria exist in the PCT Contracting States. The patentability 
can also be dependent upon the formulation of the claims. The EPO. for example, 
does not recognize as industrially applicable the subject-matter of claims to the 
use of a compound in medical treatment, but may allow, however, claims to a 
known compound for first use in medical treatment and the use of such a 
compound for the manufacture of a medicament for a new medical treatment. 

V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive 
step or industrial applicability; citations and explanations supporting such 
statement 

1 ) The documents mentioned in this communication are numbered as in the search 
report, i.e. D1 corresponds to the first document of the search report. 

2) Novelty: Article 33(2) PCT 

The subject-matter of claims 1-3, 5-10 is not considered new in the sense of 
Article 33(2) PCT for the following reasons: 

D1 discloses recombinant protein particles carrying one or more epitopes that are 
produced using the pi protein of the retrotransposon Tyl of S. cerevisiae. 
Recombinant Ty virus-like particles (TY-VLPs) were engineered which carried a 
string of up to 15 defined cytotoxic T lymphocyte (CTL) epitopes from Plasmodium 
falciparum, along with three T-helper epitopes, an antibody epitope and a heparin- 
binding adhesion motif. The Ty-VLPs have been used to create a candidate 



Form PCT/Separate Sheet/408 (Sheet 1 ) (EPO-April 1997) 



3 



WRITTEN OPINION International application No. PCT/US99/18869 
SEPARATE SHEET 

vaccine for Plasmodium falciparum malaria. The recombinant Ty-VLPs were 
found to prime protective CTL responses in mice following a single administration 
without adjuvant (see D1, abstract and introduction, p. 1280). Table 1 of D1 shows 
the sequences included in the Ty-VLPs. In particular, D1 discloses the presence 
of is6 and is8 (corresponding to LSA, SEQ ID NO 9 and 10 of the present 
application) from the liver stage in the life cycle of Plasmodium falciparum, TRAP- 
AM (SSP-2, SEQ ID NO 8) from the blood stage and NANP (CSP, SEQ ID NO 4) 
from the sporozoite stage in one recombinant molecule. Figure 4 of D1 shows the 
recognition of Ty-VLPs with an anti-NANP monoclonal antibody. Figure 2 shows 
the induction of pb6-specific CTL in mice following a single immunization with Ty- 
VLPs. 

The IPEA is of the opinion that the recombinant Ty-VLPs carrying CTL epitopes 
from Plasmodium falciparum, disclosed in D1 , would fall under the scope of claims 
1-3. 5-10 of the present application. 

2) Inventive Step: Article 33(3) POT 

The subject-matter of claim 4 is not considered to involve an inventive step in the 
sense of Article 33(3) PCT for the following reasons: 

In claim 4, a slight constructional change in the recombinant protein of claim 1 is 
defined which comes within the scope of the customary practice followed by 
persons skilled in the art, especially as the advantages thus achieved can readily 
be foreseen. The procedure of adding a signal peptide and polyhistidine to a 
recombinant protein has been described in the prior art (see D3) and is 
considered one of several straightfonward possibilities from which the skilled per- 
son would select. The subject-matter of claim 4, therefore, does not involve an 
inventive step (Article 33(3) PCT). 

VIII. Certain observations on the international application 
1 ) Clarity: Article 6 PCT 

Article 6 PCT requires amongst other things that the claims, which define the 



Form PCT/Separate Shoet/408 (Sheet 2) (EPO-April 1997) 



WRITTEN OPINION 
SEPARATE SHEET 



International application No. PCT/US99/1 8869 



matter for which protection is sought (i.e. the object of invention) be clear. This 
has to be interpreted as meaning not only that a claim from a technical point of 
view must be comprehensible, but also that it must define clearly the object of the 
invention, that is to say, it must indicate all the essential features thereof. The 
essential features are regarded as all features which are necessary to obtain the 
desired effect, or differently expressed, those features which are necessary to 
solve the technical problem with which the application is concerned. In other 
words, all technical features which enable the skilled person to put the claimed 
matter into practice without undue burden i.e. without experimentation or without 
application of inventive skill. 

In the present case, claims 2, 3, 6 are directed to a recombinant protein 
comprising peptides of given sequences or to "fragments, combinations, and 
conservative substitutions thereof". These terms should be more precisely 
defined. It is not clear if the claimed fragments or fragment combinations has the 
same properties as the peptide to which it refers. Without a definition of the length 
of the fragment or a precise definition of the meant part of the sequence in 
question, these claims are considered unclear. Furthermore, claim 2 is not clear 
because the term, "combinations thereof" does not clearly and unambiguously 
define the scope of the claim. Without a definition of how exactly the peptides or 
sequences are to be "combined", this phrase is absolutely vague and ambiguous. 

2) Additional comments: 

Should the applicant file a new set of claims, which take account of the above 
comments, he is requested to clearly identify the amendments carried out, no 
matter whether they concern amendments by addition, replacement or deletion, 
and to indicate the passages of the application as filed on which these amend- 
ments are based (see Rule 66.8(a) PCT), to facilitate the examination of the 
confomiity of the amended application with the requirements of Article 34(2)(b) 
PCT. If the applicant regards it as appropriate these indications could be 
submitted in handwritten form on a copy of the relevant parts of the application as 
filed. The attention of the Applicant is drawn to the fact that the application may 
not be amended in such a way that it contains subject-matter which extends 
beyond the content of the application as filed. Article 34(2)(b) PCT. 
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A Population-Based dinical Trial with the SPf66 Synthetic Plasmodium 
/(^Iciparum Malaria Vaccine in Venezuela 



Osqir Noya YIesiia GalmUfiii Bertf^ 

JBelUsyoK Ahrcds d& Noya, aafiiel Bexg^ 

Nifmkh Zerps, Jas6 David Urhte; Alberto Madonna, 

Sh&sl E. 9ot|^ S^eS G«rda» jvin Reyes, 
W4^3fg^ Prietui» CedSb ColBte^es, Ros&lta P&bdn, 
Tftd BarnKfZ, Lodsa d$ Cscer<^ Nubor Godoy, 
and KoL?i9^o Sttont^ 



hisiiimo cii' Shdimm Twpnw ana EscuHa de Saiud Puh/iof. 
Univcnidmi Central tie Veiwcuetu. Caracas: Dirmim de Efidemias 
/?fw/irs AfafaritU(>^uCyr-iisuY^^^^ Sanidad y AmuTtcia Sociai 

Mamcaw yetwzittda 



A pfetsi^^ m malam vacdne tnal in 13 villages in an en«^:»nk area. South Vefle2iie!a. cotnmr^ 
i£2Cfdetp rfitss efPkxmodiumfaiciiwum and Piasmodim^ vimr infectio^^s H22 v^ixnnai^ 
enft 938 donvaccisaied subjects over 18 months. The isms vaccine was give*! in thrte doses, on 
days 0, 20, and 111 Vaccination was complete in 976 subjects (68.7%). Minor side effects 
nquinng no treatment were reported by 123 (I2.6%X with an apparent increase in frequency 
from the Rrst to the third vaccine dose. No autoimmune eddf ace was o^iserved in r\ sample of 
-.ubjecss. Aiitibodiesagssnst SPf66 were present st lew tiitis in 24,7% of tested subjects before 
\winatioo, increasing to 53.6% after the second dose and ?a 73.6% r fter th ^ ^rd dov ; 26 ^% 

''^^^"^ ^^'^ confidence interval, 2i%^^, r^gsinsi P. M^i^./^^m siv.: or h^y^ 



^ Th^":--i^n:B;>riui Jitii^. •:^tfc^^^'d t^^^Sr;:e;.■ti^?^^^ofiheavai^ 
i^bH ^noii; ^n f fiilcPii u nl^(^^, P: 'A^r^ f ,^t^rm^d by ihc 
pirigr -ssivc rvsi o ir^ <r Ci>if^saes to drug:, ;^iid of vectors to 
h- :> - ? v)v,vu^ /; v>lor: nev: -irategies riir 

A remu^riri ^:^^n h^.< btt n> pls-cJ -^ft jrabrb. vaccine 
1 vdopmcfiL i !ht- 5irs! u;iU»n>pvA ta ^mrnisnixe humans 
^iih spi;ior:>^^e^ f li r^eni! diH^^unt approaches 

^ri^vte ^Hrea p«rr.i^e-A :::.r ; difgnvnt r^arjsi5« stages and 
antisi-Tir.. r^thKri v?>*=;f^r?c;4! > sy .Jav^-iz^d o: h ,cU>pcd by ge- 
netic cngmeenng. As .i rssul*. several nu. ftsite pmteins or 
*h*i^wnt- b:^v^ heca r..^v ;zeo, ^ been shown 

. mfe^ pr:.u:c*;Ye tn^rr n . - .m * .^iels (2, 3) and 



hi -nr. r.tcdie 



:iM':?k oni? .'iC*;otf'uh.Hiasit candidate 



«::*^4^;^5f^?^oHc pr^n^:?:- a^^- ^.,;vr tcvvvv^ u. vliuSJenge and 



/ucto dWO): MARAVKN; < orT...T:icioP An.tinu d- ?:..,r»UK t'cnim Uc 
raiacaN 101. Vcn::/uda- ^ 



safe and ^nuuc. ^tftiih nly r-, ^. 
sirate a .suiid proieci' ^ etfir y:v 

hta. is a p>lymenc .vv'^tdK 
quences br three v 

sta^t^safstieesyihtffimsc \- , f 
shown to be si;fc aud ikTfi»r;uuo^enic 

Here .-^m/. Hvrsu\:- . - -v 



r^^'^i' ' :'*/Ci{M,.;-v-r^ ■•?U!1g !o be 



'At'; ■ 

O 



fai,'- o demon- 
- % . -n Colom- 

. ^ ::t?rEdi SC" 

Sinked by 
;i ^ xv/oitc |4j. 
lit ir- asexual 
■ 'r'- *-;V. ^^Miicbeen 
ill iiuuian tnais (3. 8. 9). 
■ vh^i .v5;#oacd here 

knitivni' : !rtai»i de- 

* , <. ^ -vo-^ based 



pna"> 



'•'m; tnc G t , , , -ccine con- 



c)MUf*d ^.c . 



vii< ^vs.c->verr„ap*>ps»V.: v^,,^ Jferr»unic- 
|pat:!^ .ffl^^s ^i3=v*ia:-, i' : :;; . . v,: ^^^iih Vene- 
zuela, i iic cl.muic iypica'i 01 a i^iiiy tropical savanna, with a 
meorv^nr^ua!»emp-:^••.rv..Vie':;^^f ;innu:a rainfall 

of - .1000 niiVL r.: k . ^ 50 ..i a wv. :. fnid wind 
vdiKiiy of 4 km/f>. A v. :.vi osiend. ;u;;j» V;w i& October 
and a dry kasoa fntirt : rovemhcr »o April [I3J. Yhe peak of 
maiuha tninsTTijsy.c^n ^xxurs du; v.^g iht- fnonlbf. of December 
ihMugh »v!arch. According u> ihc Natior :i Maland Control Pro- 
gram, the mean annual incidence o( P. Jafdpanim malaria for 
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. this r^ion during the 5 years before the trial was 100/1000 
populati li: />. faicipamm malaria representee! 2 5ffe of the 
cases reported. Wsymptonriatic parasitemia is seldom observed, 
n r is resistance i chloroquine chemotherapy, the main ma- 
laria.yectors identified in the area were Anopheles daHin^i Ano- 
'pMes(^walilot\m6A 

the eligible population for the study comprised all persons 
; > l | years old living in the study area « 2439). A population 
. census was done through household visits recording age, sex 
' occupation; literacy, religion, pregnancy, length of residence in 
the area, .mobilization habits, type of dwelling; use of antimalar- 
lail drtigs in the last 2 months, use of antimosquito nets, and 
medical>history from all household members. The census was 
updated during the study by three cross-sectional observations 
todenve person-time bfexposureamong the participants to 
wllect blood and urine samples foi immune response and ami- 
malarial self-medication tests. 

Vacchmion, The SPf66 vaccine was synthesized at the Insti- 
tulo de Inmunologia, Hospital San Juan de Dios» Bogota, Co- 
Ipmbia, following the solid-phase peptide synthesis methi^ d^ 
scnbed by.Memfield (I4J as modified by Houghten [15). Each 
dose consisted of a volume of 0.5 mL containing 4 mo/mL 
SPft6 peptide adsorbed onto alum hydroxide at a 2 mk/mL 
concentration. Details of the formulation, quality control as- 
says; and preservation have been described elsewhere [4]. 

Before vaccination, community meetings were organized to 
explam. the pt^^ and risks of the vaccine and the 

^ y luntjry naiure^ All persons residing m the 

-comm^inity who spontaneously attended an Cf^en invitation for 
vaccination were vaccinated (« = ?422). The vaccine was ad- 
ministered subcutancousiy in the deltoid, in three doses, on days - 
0, 20, and l l2.,Becau.^; of .ogisiics, 1 60 subjects receiv*:a the 
: third dose oh day 156: After r jch dose, the participant.<^ere 
-observed 1>y a clinician nver 43 mn and were advised to contacr : 
the local health service during the following 48 h in case of any 
abnonml clinical manifestation. The recruitment and vaccina- 
lipnJastW -4 days forcach do^^ All volunteeis were clinically 
examined, and the following were excluded from vaccination: ; 
^Pf^nan^^women: persons with severe health problems, iftentel ' 
• disorilers. alcoholism, or history of alleigies or debilitating dis- 
those re«^^^^^ ,vith 
clinical symptoms sugg^tive of malana. Subjects eiigibic for 
vaTCiiwtibii we^^^^^ by thitk and thin blood smear 15 

: d^yvbefore vaccination: Malaria cases weri: titaied according to 
the National Malaria Control i^gram: therefore, by the linie of 
vacqnation, only persons asymptomatic and free of parasitemia 
were vaccinated. Pregnancy was ascertained by interWeW and 
alsp^y a urine test (Pregna P test. Precisa, Miami) before each 
vaccine dose in air women > 15 years of age. ' 
i:;^*^*^rli*«^'*"^ dosw of vaccine were given., a comparison 
groiip of 938 residents included in the initial census who did not 
auend tW.vaccinalioh day was selected: persons who had any 6f 
the exclusion criteria applied to the vaccination group were ex- 
. eluded... ; . t ^ ^ , . 

_> Th(^ study sample size has art 80% power, at a 5% significance 
level.Jo delect a 50% rcducti n in malaria rate overa period of 1 
year, assuming ah expected annua! Rfaiapamm malaria inci^ 
den^ m the unvaccinated group of 3. as reported in the 
previ tis.year.^ 



Folloxy.upqbseryaUom. The follow-up bservaUon for vacci- 
nated and norivaccinated subjects extended over U rncnths 
after the third vaccine dose. Household visits were carried but by 
health field woricers eveiy 2 weeks. whoasVed for dinical symi^ 
ipms of malaria throughout the study. A blood slide was pi^ 
pared for all symptomatic subjects. Also, active case-findinfi de- 
tection was implemented by taking thick and thin blood smUi^ 
Irorn all participants 15 days before vaccinaUon and every 8-10 
^ weeks after the second dose of vaccine. P&ssive case detection 
^and malana treatment as prescribed by the NiUonal Malaria 
C ontro! Program was provided by a local health facility attended 
by rural physicians assigned exclusively to the study. 

A malaria case was defined as presence! of malaria parasites in 
ihecirculating blood. A new P. /a/rz/wmii malaria episode was 
ae/ined as malaria parasites in a blood smear a^^^ 
least 30 days free of parasitemia. All slides were examined iri the 
field by trained personnel and then double-checked blindly at 
the Central Laboratory of the National Malaria Control Pro- 
gram and at the Laboratory for the Study of MaJaria, Ministry of 
Healih/Univcrydad CciUrai de Veneziieia (UCV). f 

Seirmediration with antimalarial drugs was asceitainedj)y 
interview and also by landom testing of urine sampldi from ^9 
vaccinated and 1 80 nonvaccinated s«jbjects. Samples Were toI- 
lected 6 and 12 months after the third dose and tested by thin- 
layer chromatography (i6| to de«.2ct 4 aminoquinbline €30:^ 
tion,.An,sampFeii>ere tested ?i UCV and at ihr Swiss Insiiti^^ 
forTi[dpical.Mjt^^^ 

Malaria chcmoprophylaxis, treatment of the paiien* ^ fami! /. 
presudipiive treatment, and nebuuzaiiou with inseciicidii WfSe 
aM suspended during the study period. ?nsec«cioK spraylig will . 
DPT every 6^ months wasn he only malaria cont. of inteWentioh 
maintained. > " . 

:,7/ijm^ AniiboOy tests against native /V yidA;^ 

/www proteins were done before vacci by indirect imrriii- 
ripfluorescen^e assay (IFA). tiiers ^1:50 were considered posi- 
tive. Paiired blood samples collected on the first day of 
vernation, 30 days after the second dose, an<i l: 6: arid 12, 
months after the third dose were stoied 31 -80*^C and processed 
simultaneously, anhe end of the study. Antibodies io SP<]56 
polymer were iHcx^A by ELISA is described ( : 7 J. A culofrpoini . 
was established as the mean cpaca! density + 3 SDof the results 
obtained testing a lar]^ number of serum samples frdm persons 
who had never lived in an endemic area. 

Autoiinmune responses were also evaluated by testing serum 
samples collected from a random sample of participants before 
vaccinptiori and I month after completing the third dose. T^ts 
included determination of IgG, IgA, IgM; and C3 and C4 com- 
plement components (Kallestad QM 300 protein analysis sy^^ 
tern; Sariofi Diagnostics Pasteur! Chaska. MN) by nephelo iieiry ' 
.(I8J: complement B faciorby radial immunodifTusion (19); IgP 
by RlA(Quanticlone IgE Kit: Sanofi) [20); an tin uclear antibod- 
ies by immunofluorescence (Quantafiucr vjbsifate slides HeplZ; ' 
Sanofi): circulating immune complexes by EL* S A [21); and ' 
rheumatoid faetor by nephelometiy[; 8]. ' " 

Stathiiail analxTiis. Baseline characteristics of vaccinal^ 
and unva<xinaied subjects were compared. Mean age, sex distri- 
bution, and proportions of participants with the differen t char^ 
acteristics, including antibody response, were calculated. Differ^ 
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An^e? Hf tween proportions were evaluated by arid differences 
* between beans by Student's / test [22].( A significance levci of 
/ 105 was used.' 

- P: fdlapariim^n6 Plasmodium t nuv malaria incidences were 
(^Iciilat^ monthly: taking persons at the Vnd ofthe study and 
also persoii-time of follow-up in each group as denbminators. 
Incidence rates were examined acconding to age, sex, ethnic 
group, occupation, place of residence, and malaria history. To 
compare the incidence of malaria after yacciriation between the 
vacdnated and unvaranated groups adjusting for a dissimilar 
malaria risk at baseline, rate ratios were calculated for the inci- 
dence during the 12 months subsequent; to the third dose of 
vaccination in relation to that observed. during an equivalent 
caleridar period just before vaccination, separately for K faki- 
pitrum and R vivax. The aAer^ to before-yaccination incidence 
ratio of each group was used to derive vaccine efficacy (VE) as 
y£= I - (RJR^i where R, and R„ are ratios of the incidence 
afler vaccination to the incidence before vaccination for the vac 
cinated and nonvaccinated groups, respectively f23J. sigriifi- 
cance tests and 95% confidence intervals of the estimates were 
calculated. This procedure was reqtiired to have a proper assess- 
ment of the effect of immuniiation on malaria incidence taking 
into account that the two groups were not randomized to be 
vaccinated and presented with different characteristics of risk of 
infection. 

insults : 

Of iiie 1422 subjects who received the first vaccine dose. 
976 (68.7%)completcd the full threesiose vaccination sched- 
ule, 362 (25.5%) received two doses, and 84 (5.9%) received 
just the first vaccpe do5e. Noncompliance v>Jth vacciri2tion 
was attributed to absence from the community on the day of 
vaccination, pregnancy, and other exclusion criteria. No sta- 
tistical differenpe was observed regarding age, sex, oroccupa- 
tion'distributions between the vaccinated and comparison 
groups. Mean age of participanu was 32.7 years, and -r5i% 
were maje. Occupations with a hjgh risk of exposure to infec- 
tion, such as fanner, fisher, hunter, and mirier, were repbrted 
by 55% of controls and 51% of vaccinated subjects. Most 
participants ( 79.7%) were mestizos. The proportion of sub- 
jects identified as Ainerindian was grtater anion^, those not 
vaccinated than among vaccinated subjects ( 1 4.9% vs. 6 9% 
P<.pl)L 

Persbns receiving vaccination lived predominantly in local- 
ities of higher risk of transmission than nonvaccinated sub- 
jecls. Ho^rever, the history of malaria as reported during the 
interviews was similar for both study groups. Also, ih^ pro- 
|x>rtions of subject^ reporting use of antimalarialdnigs dur- 
ing the follow-up period did not differ stalisticaMy betWeen 
the two groups (10% vs. 12%). Urine tests for aminoquino- 
hnes were positive in 13.8% of nonvaccinated and in 1 1.7% 
of vaccinated siibje^ts (P > 05). Analysis 6f records from the 
National Malaria Control. Program indicated that annual P, 
>2r/rf/Mini/ii rifialaria iacidences during the 5;>ears before the 
study increa^ progressively from 0.6% to 6.3% among un- 



Tible l. Side ejects ofSPfB6 vaccine according to nam^^ f 



Dose" 



Side cfTccl 



(n= i420) 



(«- 1338) 



3 

(n = 976) 



• lnduratk>n 

Eiythema; 

• Local pruritus 
Generalized pniritus 
BiDncbospasni ' 
Other 



0.7 
ai 
6.i 

0 
0 
0 



0.3 
0.5 
0.4 
0.8 
O.i 
0 

03 



NOTE ^ bau are <f with side cffcci. 



5.6 
0.4 
6-5 
3.5 
0.5 
0.2 
0.3 



vaccinated subjects and from 0.8^;^ to 8.3% among vaccinees. 
Corresponding rates for P. i7ivi.v malaria increased fr^^m ! M 
to 11.3? for comrolsland from 0.!^. 20. W krnbng vac- 
cinees. ^ 

Side effects. Minor side ofitfcis requiring merit 
were reported in a small proportion of subje^sts {table i)^ 
Local pain, induration. :>nd pruritus were the i^osi commor 
reactions observed. Coniralaferal sadui^tipn aVi^ l.:^| ery-^^ 
thema were more frequeni after sht thirJ ^iosJ^Bve ^-^nv^ 
presented with systemic pruritus outsii^ of :hfe sryeci^^ it ■ ^ 
and I caseofbronchospasm was repottpi occurrinjgr'jVrnin^ 
after vaccination in an apparemly healf hy wo-nah: {lie fre- ^ 
quency of systemic rfeactions was si^nificanilVui^^^^^^ 
women No case of delayed rtaction wasobserveS. Nogener- 
alizetl reaction was reported for subjects rweivihgohe or two 
. vaccine doses. 

Auioiiiviiune rests No abnormalities were sech in tfie 
comparison of resuits of the various autoimmunity serum 
marker tests <lone before vaccination and 30 days after appli- 
cation of the third dose in a sample of 43 vaccinated subjeccs. 
suggesting thai .ihe vaccine was safe in mh respecJ None of _ 
the immunol<^€ parameters amityzed shtwecii siratisticany 
significant variation, hi I vaccinated subject, the h^ei of C3 
and C4 decr^sed, wliile values for factor B and drculant 
immune coniplexes were s'totmsl. 

^ Inmmnogenicity. the prevalence of native fluorescent 
antibodies to falciparum bctov^ vaccination was 54.9% for 
the vaccine grbup and 51.9% Tot the nonvaccinated subjects 
(P < .05). No significant change in these p^valences was - 
obscr\'ed after vaccination. Of the 929 tested vaccinated sub- 
jects. 24,7% had anti*SPf66 ^nlibcniics at kfw titers ( I ViOO:: 
1:400) before vaccination. Sixty days after the second vac- 
cine dose, 53.6% of the study population sSjowed anti-SPOSd 
antibodies. 76.6% of samples with liters of < 1:400. Thirty 
days after comj^leting the/three:<iose vaccination, 60.4% of 
subjects wcw; poaiive to antibodies against the peptide. In 
this grotip, 552 (80.9%) were classified as low respoaders. 
with titers of < 1:400. 
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F?gon! 2. Monlhly mcidenceor 
falciparum malaria among vacci- 
nated and unvaccinated persons^ 
covering I year before vaccination 
up to end of study, .Las Majadas, 
1988-1991. 
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Of subjects initially negative for antibodies to SPf66, 
2tA% never se^'icoiiverted and 48.4« seroconverted after 
the second and third doses, with titers foiling to <I;100 by 
the end of follow-up. One year after the third dose, 25.2% of 
ihose showing^rbconversion still had posiU^ 

Protective effi^cy, Figiia^ I shows monthly PJalcipamm , 
iitMti.. incidences for both study groups. There was a signifi- 
ciihi Qtfcreasc in incidence starting 3 months after the third 
dose of vaccine. During the -12 months immediately after the 
thtrd dose, the incidence oif A fakipamm malaria was 4.5/ 
1000 person-months at risk for the vaccinated group and 
5.6/1000 person-months for the nonvaccinated group. ?tor 
tectivc efficacy conferred by the vaccine was calculated by 
taking the ratio ot the incidence during the follow-up period 
to the baseline incident for the same amount of time before 
vaccuiation as a way to control for seasonal variation an inci- 
dence. The vaccinated group had a mean incidence before 
vaccination of 7 9/1000 person-months, while tht nonvac- 
cinated group had a itiean incidence of 4.4/1000 person- 
rapnths (table 2). On the basis of these cstimates..the vaccine 
protccUve efficacy for those receiving the complete scries of 
three doses was calculated to be 5S. 1% (95% confidence in- 
terval, 21%^75%; /><iOI). Frotective efficacy calculated for 
subjects receiving only two dbses of vaccine was -^(,1%, with 
wide and nonsignificant confidence intervals because of the: ^ 
small numbers of subj^ and cases in diis group. 

The incidence otp/faiciparum malaria was higher, but not 
statistically significant; for subjects who did not se^oconveri 

aftcrimmuni2ati6n^(3.8%) than for those who siroccinverttt^ , 
( 1 .3%). Among nonvaccinated subjects, the incidence of ma- 



iaria did not differ between tli negative and positive for 
native SPf66 antibodies: ^ ^: =: 

Monthly P, vivax malaria incidences covering I vear be- 
ibre vaccinatipii and the follow-up period are shown ih figure 
^..Conversely to /" jfi/cvwrawi. malaria, incidence j*. W- 
wr increased after vaobiiiation m both groups, mostly in the 
last quarter of the follow-up year. For the vaccinated group, 
the incidence during the 12. months preceding and follow- 
ing vaccination wer^^ 16:3/10M and ;30.7/I006 person- 
monUis, respectively. Corresporiding figures for the nonva<> 
cmated group were ;?.i/1000 and 28,9/1000 person-montiis 
(table 3). The vaccine's protective effect against P. viVor ma- 
laria was estiinkted as 41% (95% confidence interval, 19%- 
57%). No ftirther adjustmenit to estimate vaccine efficacy was 
considered nece^. v^sirjce incidences were compared 
witiiin tiie sarfie'gfoujp of subjects before and after vacciria- 
tiou. • ' ■ ' • - 



Tabte 2. CumblaUve inddeiice b^^^^ malaria during 

12 months preceding and following the complete series of three 
doses of vaccine: . . . - • ; . * » 





Vaccine 


Control 


Before vaccination •: ' - ^ ^ ' , 
* Cases/pe7son*monihs . , ' ^- ! 

Rate/ 1000 pexson-mdnths 
After vaccination - • ' . . 
. CaiK^person-month^^ * 
.Rate/ 1000 person-months 


. ,89/11,289 

; --7,9. 

; : 46/lbi23 
'■r 4.5 


49/IIJ7I 
4.4 

. - 56/9904 
5.6 
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figmre 2. \ Monthly iiictdehcc of 
Plasmodium i*7ittr.'maIaru;among 
yaodnated and unvaodi^ted pfnT-. 
sons, coyefing I y«ar,fc?fOTC, yacci- 
nauon up to end ofj^iudiyvLas Ma- 
jadas. 1988-1991.: ' 
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jp^scussioa; 

^^^^SRf(66 vaccine was evaluali <l in yen<?auela after prom- 
^|^):7e$iilt$ v.«;re obuined in jnitkl . pre^ in 
*"i4cmvnic^ keys (3/24] as ivell ^ clinical 
studies among Coiombiah military ]^ [25). The Las 
Maitdas ^ 'ial was initiated in Augusf l 989Md i ^ponded 
to ^be nist p jpuiation trial with l synthetic/miita^ 
in a Civilian population Horn aite^emic am<ji^ ' 

Thfci irial \vas proppseiiuuh the objective of»^t|rther ^ 
$^mling the study orsafety* imvnunpg^ntdty* and protec^pn- 
of the SP0S6 vaccine in ah area geographically distant 
shiise origfoaUy studied th Colombia [10|/with a different 
ethnic population and parasite strains a^d.with a higher pro- 
po}ti^>n o^P. viikv infections, f^.«;th^^ 
signed an open trial, because it was thought that vaccina- 
tion could delay the usual early health carer-set^kitig behavibr 
of symptomatic jf^nbhs in. this ar^ v '^^ 

Full comptiadice with va^inattor^»^s achieved by 68.7^ 
of participants. Migration c^of,3)e.st|^y area accoumed for 

Tabfe 3. C ^mutative incidence QiPlastnodiwn vhwc malaria duirr 
tng 1 2 months preceding and roUowing tlie compSetc secies of three . 
doses of vaccine. '* ■/■ ..*" " : - 



the majority of persons lost during foiioifr'-v:f furring in a 
similar proportion among the vacctnau^i av^^r^c- ^vaccinated 

groups (31 J% and33>Ji.' "-'' '"W:' ' ' 
Although the vaoctnees wete not ran^iamIyi|&E;iiet«ivW 





Vaccine • 


Canirol 


BefiHv rjtcdnaiioR ;. : : . 
Cases/perado-fflbri^lhs 

After vaiwnaiww I, 
Cas«i/peisocw|raih|f: - ' •4' 
, Raie/IOOO pcR^^nths - >T - 


*. 184/11.289 
. 3l4/fo:223 . 


102/11, 17i, 
9.1 

. 1296/9904 

"28.9L- 



teristics, history of malaria, consvmptton of {antimalarial 
, dhjgs during follow-up; or prevalence of prevacd^atton^^ti- 
' bodies to the SPteb polymer arid R ^kiparum aritig^ris. 
However, vaccinees lived in anias or higher miliaria inci- 
dences than the controls and consequently had signi^icanUy 
highe^7^;^/c//w^/;» and P. muv malaria incidences during 
the ycav before vaccination. 

The vaccine was very well tolerated. Side effects were rare 
and mostly at the isiie of mj^tion.' The eR^xts teportv^d were 
similar to those bbser^/ed with othW muhif/rr.<Jiice vaccines 
and with alum hydroxide as adjuvant (2^}^{^ie irequeticy of 
postvaoctnation eflbcts other than focal ^is^j(UUO!u signitfi- . 
cantly higher in women (0:52% ys. 0). Iok » ; ^deVffectswcrc 
lesi frequent than those reported in'EcuacK>r [12] bu( higher 
than those report^ in Colombia [10, II). 

The atitoimmunity. serum markers studied shewed ab- 
sence: of \acctne-ihduced ihjiiiy. Just I subject showied a 
mino: aUeration of brie imifnuholb^c parsUneter days 
aAer ;ip{|Hcati6h of the third dose. Chemical; hematologic, 
and autclmmune profiles reported in other studies also dem- 
ohsirated that the vaccine is considered to be innocuous {4. 

8,9.241. •■ ' .. \' 

Baseline iiamune response to P. faidpanfm was high: 
14,1% of vaccinees.artd 28.5% of riprivacatiecs re^^ 
the SPf6i6 polymer, and 54:9% and 51 .951, respecUyely, were. 
also positive by IFA, indicating a similar prevacc^ 
moral immune response in both groups. The higher seror 
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prevalence of P. falciparum ditibodies in relation to that. 

found .n othCT. studies (11;^ , rBP k IS L 

^m^>?f^ -Of v-cdnees- initiallr negative. 26W^- ^V^*^- 

LsernAfonfivA tk»,...i. . . .. . Pv200 



r. 'i'M 



, , Jtive throughout the. study. ^HowevW. ihcisl-:' 
spondcfs had low titets. Possible genetic diffcrcacM 
^ ~"|l?«ount for thb finding, since the HU-DR4anUfie^^^ 
<amer state has been, ieporte^Mo be associated with a ibw 
^ nonexistent humoral immune response to ike pe,itideV:^ 

Jhis study confirms previous reports showing no coit^iai 
tioji Uitween serocon^ and risk pTP.fdkiparum inf«:- 
lion (4J. suggesting that ELISA canndt discririiihate belMssn 
iprolectiv* aiKinOTprotective antibodies. Markers of phfei 
'^''f:™^^?^.^sejnduced by the vaccine*^^^ 
, f "8*'»H3^«J«'«« are planned to correlate specific 
I humoral ©jniiitSSSsponses toside effecteand vaccine immu- 
; nogenicity to prevaccination antibody levels. 
I To a<(iust for dissimilar malaria risks in vaccihated and 
I nonvaccmated groups, protective efficacy was estimated by 
companng changes in malaria incidence rates before, and 
; after vaccination between thetwogroups. The protective ef- 
i ficacy for P falciparum infection for subjects receiving three 
; doses was 55: l«. This is an intermediate value between re- 
Milts obtained iii,L, Tola; Colombia (33.6%) fl II, and La T 
Ecuador (66.8»;ri2J. - , ' ^ 

for Pfalcipanan. inci 
aences ^o^^Stg^iased m both groups after vaccina- 
|«rucul||^^ .he nonvacd^^^ 
^^Mted in a^tnide protective efficacy of 41% with a *ide 
confidence interval. This unexpected result deserves speciaJ 
atteiition becauK this was the first SPfl56 trial conducted in 
m area with a high P. wwir incidence raie. allowine for 
pmper stagtical analysis. A theoretical biologic explanation 
for a possible cross-protective effixt is the existence of com- 
mon protein sequences in both the SPf66 peptide and rele' 
vant vnax protein [29. 30] (figure 3). Also, SPRi6-vacci- 
'"If l^rasns show recognition of A v/iav antigen by IFA 
[31 J. In addition.J^t^^we P. falciparum nonspecific im- 

"T^'^^'W^y SPfo6. it could also aflect 
other, malaria pai^^sppa^ - 

_ We canhot rtile^Ulll^ble biases m 

olthestuj results, considering some limitations of the study 
de^. The followrup ol«ervation was similar in Uie iw6 
study groups. It is unlikely that theprecision of malaria diag- 
nos«^«^ different between 

blood slides were read blindly in a central lihoratoiy Th« 
w^^ '° malaria infection among vaccinee^ 

was controlledm the statistical analysis by estimating within 
groups malana incidence changes oyer time, before and after 
vacanat,6„. Axn,*^i^^^ 
unA»«U!natedthep^ti« 
cine. The coMumptipt$faritk^ drugs assessed by in- 
terviews and validated by urine aiKilysis of 4-amiaoquino- 
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5«!^i?l 5'^P"»n ofaroino add sequences ofSPflWi (83 1 
pepi«l|) ,„d of know.- f&.„«rff„„, .^Zj :BesS"k- 
:^nc^ reucutoqyie binding protein (RBP. Ep^dl^b^ 
tons). Anuno aad residue riiii^ben ire g|ve„ at right. - « 



Jihes^owed no (H&cesv between ike two groups;^ 
J'dudu.g Jhiipossibih'iy of increased ingestion amortg vac-: 
«n^K after complete vaccination. ^ . • 
The.developmeni of an efficacious syhtiietic vacdhe • 
^"P^'^' °f investigation in Uiis ' 
field for othermfectiousdiseases. The synthetic natureof the 
V-CCM.C «..ows die deveiopment ot a more rational and 
simpler approach to forther improve the former valine de- 

This was th? first field trial in a civilian populiil with a 
-nemically synthesized vacdne and the first with a va<^^# 
against malana. In the present study, SPflS6 was safe ml'^ 
inununogehic: under the chahicterisdcs of this triidi 
r^^W^'^or f55% agkinst P faldpar„,^mr4m: 



, "''*'f '"f«*ons. Further studies .should cValiiate^^ 
J«UmpactofSPI66;indifferemecoepidemi^ 
The potarital public health application of a maiarilWine 
cou d substaritially contribute to the glpbaJ. effort for the 
control of malaria. 
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Ffg, 3 Response of T-celi hyhriifJanr*. to HLA-OK ixid uhtnins- 
fected P815 cells. T hybrid cells UO-j were ccicuhured with l«* 
itifget ce«Js m H «C, 5% COj «• cuh»re plates (Fiow;; ana) 
volume of .?DO|tt in culture nictSium (modified MisheH-Dutton 
medium/10% FBS/SxlO^n^ 2-m;tfcapto«haRo!/50i4M^ 
gentaraycin (Sc^ithtig^V Afltt .'^^^Sv. the cvU':^?« suptfi^atattis >v'^it: 
aswyed fo^ :be u-iuence of !US by Shciir tMUy to support the 
grc\Vth of the IL'2-dependeni T-cetf f i^^' HT-^? :rer:25) Yhe htghcsi 
*i 2-fold seria{idiluttoits capaj^lr of ti^i^ft^.i»;^3in8 9*i% HT-3 ceil. 
via!i:iV;ty defined ih* ll::2 .:<^ric^trat;\tjtv *^ -.^e.^r*"'^^ 
tinits rrii'* lL-7 was She i^H^iuiuin ;cQ»c4»tratton noted T-ieN. 
hybrius cultured in the absence of the appropriate aatigen/MHC 
stimutus r.il«.t to produce an;^ detect^hSc ",4$iz not shown). 



for cy^b/^iaproj^^phk tarirtance, ianice Whke for techmd&l 
as&Utr^jpe and Johr ttov:: f .'ir providiiiR 5>man T-cell blasts, 
This 'Sfk was sup|.'o ttil by ?fic >%7H. ^ ^ . 
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InductioD of protedive iiiiiihunity 

against expterimeiital infection 

witti malaria iisiiig synthetic pefitides 

MantteS E. Patsrn^o, Piedro Romero, Martha L Torii^ ; 
Pedro Clayijo^ Alberto Mores ^ Alt»erfo Martt&ez, / 
Raul Rodngttez, Faiwy Goiauji & Edelmira Cafeezas : 

Instituto de tnmutiologta, rlwipital San juan.de Dios,- 
Ufitvenidad Kacioiial de Colombia/ Bogota* Colombia 



Syntheltc peptrdes arc potential vacdne ceadidatcs because they 
may be able to lodace h%h aatlbody titits and specific cellular 
iiiiiiittiKe rcspooses sgatel iMtfve p^ aitd tbtts the wbole 
invading organian'. In a prcvkms «tudy>it showed that Imnmali* 
alloo witb molccnles of retstive molecalar aia£s (AfJ iS$jim 
(l»K) 83K« SSK aad 35K« sped&c fnr the late schlumt and 
niefoioite stages of fteiitoafM conld elteit eltibet 

partial or total piotectida ia Ams ir^^fgam nmiilbeyS: ei^peii^^ 
niental^ infected mm F: fiOcipeirm^ Here; we bave chenticaUy 
syatbesized 18 pe^ides com^^to^wg diffei^ fra^eolsi :of , 
these pioteias to ItBsmiie Aom tritsofaiiii ntoakeys. S<i^ pe^ 
tides gave partial pratectiM from cb»fte^ with 
parasites, bitt none provided maplete protection Individmliy.. A 
corablnattob of thiree partially protective p^^ 
or abnbspt complete protccdooi iMnee^ that this 

tidsSar «ombination o^^ ^>od cseidld&te for a mala^ 

vaccine,;,^ _ • . 

The lisSK, 83K; 55k and 35K prcteins were isolated fi^tn 
schizoni ahd merozotte lysates^ in i|uantities rangine fr^r? ?60- 
400|ig:e&ch, using preparative SDS- PAGE These proteto:. 
showed a high degree of purity as seen t>y analytical SDS-PAGE^ 
and Western blots with hyperimmune sera from malaria patteitts. 
the 55k protein pirb'nded incomplete protection <d<tfiiied ^ :a • 
significant delay in the onset of parasitaemia) and the 35k 
protjdii partial steriUzing protection U 

; experimental infeoion wii]M>ut drug therapy) on chailm 
tciKisiisiicd srsciktyE P. ^ 

We determined the sequences <^the first iV N^enntnal'kmino ^^ 
acid residluefs of the 55k and 35K protdcs; Based on these oata • 
and the amino add sequences deschbed for the i55k^ or RESA'^ 

: molecule by Coppel ei aL* together with the complete aminci^;- 

pepfidesi corresponding to idiSemit seginents of the 3SK, 55k; A 
: 83K and .155k proteins were synthesized using Multiple Solid 
Phase Synthes!s^ These peptides were chosen randomly lo rep^ 
resent different predicted conforrnations: as' detei^ '^^y'tKe , 
< hou and Fasman TTicthod' (TaWe 2h taking inio account the 
suggestion: tha: cenatn stnictores can prefere::ttaliy indtice 
humoral and cellular immune responses" ^ 
/ Groups of four to six Colombian Adttis irivirgams monkeys 
werr. immunized with purified pep^de (2S0|igVcoupted to BS^ 
(250 iJhg) n days 6, 30. 45;'60,and 75. Blocd samples for antiK«)Nd)f 
studies were taken n days SO, 70 and 8Q. On day 90, t days^ . 
after the last immunization, the. monkeys were: challenged witifr ' 
Awe B, falciparum. 

Of the 18 different synthetic peptides used for iinmunization, 
15 elicited antibodies against P. falciparum schizonts^ as detected 
by immun fluorescence and were f und to be immunogenic by 



Fls..t Development of 
parasitaemia in mookeys 
tcnmuntzcd with peptides 
- corresponding to different 
. secerns; of the ;83k; 5Sk 
and: .35iC ..proteins. Fara- 
silaemia is cxpVessed as the 
.percentage of infected cells. 
' Eacli - tine represents a 
di^erem 

Mc^od£; Gioup^ of 4*6 
mqnjceys were immunized 
with fi single fyeptide.- Fep- 
tides (2S0 |ig) had.^en pre- , 
viousiy coupled to an equal 
amottnt of ' BSA with 
•.glutaraldehyde in , a total 
' volurnc of; iSO jil: Conju 
gated peptides Were diluted 
l:i with complete or 
incomplete Freund*s 
adjuvant (CFA or IFA) and 
us«l for subdermal 
immunizatton in^ several ' 
parts of the body. Controls 
received saline solution 1 : 1 
in Freund*s adjuvant. 
Immunizations were carried 
om on days 0 (with CFA). 
30, 45,60a5id75 (with IFA), 
T5he/;^aH wasV pierfor 
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SPF 55.1 




<o4 SM 83.16 




bays post 
foJ SM 83.30 




to. Controls 



ft 



• lO f« I « IC It CO 




• 10 i« i« tc r* to 



Oays post^ctiaiten^e 




the dot-blot jiejptid^ The thrw peptides that 

did hoteliciia^^ Uiisimmuiitzatidn^s^^ 
SM 83.29 and SM are sc^urac^ 

Mosvoflhepcp^ 
tiontvagui^t exj^^^^ 

pranti'bbdtes (dato;no^shdwli);^S6 iiowever, sig* 

iiificantly delayed the onser ofthe disease in soinc of the vaccin* 
ated animals; suggestiiig ah ability to iriduce incbinp^ete protec- 
tbti. These peptides were SPf 45.1 and S*^35.1 (correspondthg 
to the. N^ermtnal sequences dfVthe 55 K end 35k inolkuies 



Itspectively) and SiPf S3.i;^ 

ihg to fragmeiits oi^ the 83K protetii) (Fig: I). Sbrat other pep- 
tides, for example SPr834, SM 33.23 and SMS3««^ induced ; 
tiicompletc protection, ill one of four irifluontinusd j^i^^^^ 
St^df es are in p^gress to exaniine prai«^On in a larger •^oihber 

':. idrf jEtitimals: None of lite peptides usedy hoWe^r« provided coin- 
pl^e' protection (defined as total absence of parasites iai^loid 

; smearsK ' • 

' We^ a new group of moRke.'-^ r^inbinati i^s 

;of :two ijr three of the partially prdieciive synthetic pefiidej, ;; 



Table 1 'Antibody titrts of immunized monkeys 



.Sera -from 

fywmfcf'V no 

255. 
287 
251 



288 

289 

286 

295. 

298 

290: 

291 

297 

300 



Immunized with 
nt^viHdc mixture 

351+55:1 
35.1 + 55:1 
35.1+55.1 
35.1+55.1 

35:S+^5;1 

35.1+55.1 
35.t+55.l 
35,1 +i5J 
«.l + 55.1 + 83.1 
35:1 + 55.1+83.1 
35.1+55.1 + 83.1 
35.1 + 55.1 + 83;i 
35.1+55.1+83.1 
35.1+55.1+83.1 



Dot bIrtt- EUSA with 



IIFAtitr« 

• ^^20. 
80 ^ 
160 

}M 

— ijAo: 

;**^5 /. 

;5 

160 

id 

io\ 

80 : " 
80 ' ' 

,-■■40. 



4SPf35,i 

0 
20 
40 

to 

AO. - . 

- 10 

10 

10 

V'O 
' 40 
' 0 
' 20 
. /AO 
160 



SW ;55.{ 

20 
160 
0 
20 

.'. 

40 

80 

40 
640 
320 

40 
640 
160 



r.ii*f83a 

ND 
ND 
ND 
ND 

ND 
ND 
ND 
640 

320 

640 : 
640 

640\. 

32r--" 



ci'^S^ ***^ ^'^^^ immantzed with the peptide mixtures were determined by indirect iinrounoauorescehci assav (UFA) and dot^lot 
"P**?^ reciprocal of the serum dUuttami end-point. In IIFA. air-dried R fakiparum tTy^hTotytt cultures with 5% 

p^TOtec^ma atth^ were used For the dot-blot EUSA; peptide^Upeptide reactivity wai determined using 2 of purified peptides 

at 3rog m] .j^piaced on mtnMXliulose sheets and drted.^ Non-specific reMive sites were neuthaized with Tris buffered saline sbJution (TBS) 
suppicmratrt v^jhOJ% Tween 20. Shee^ covered with the approwiaie scrum dilution for 2h, washed several times with Tween 20 TBS 
and l"^'™^^'^^^^^^^ phosphatase affimty purified anti-human IgG for 2 h. After five more washes with Tween M TPS, the reacfioti was 
ocveioped with BCIP (5-bromo.4<hlor indolyl phosphate) and NBT (nitroblue tetrazolium), as described by Blake". AU the pre-immune and 
control sera were negative by both tests. . 



NAniRE VOL. 328 13 AUGUST IV87 



-irrrERSTONATURE- 



Table 2 Synthetic peptides used for immunizaiion 



benominatioh 


■ ntunbcf • 


ncJcctiti 


a-M«lU ; - r 






SH3S.V' 


N-termioil 


35K 


SWBS.t 


N-ornuut 


55X 


SPI1S.1 


Rrpeatcd 


155K 


SPf83.1 


octtpcpttdc 




SM8i.10 


■'■ /. ."'27^38 


1«5K 


SM63.2 


.'.v ; ■■4q-M , 


195K 


SM 83 Jt6 


.640. aS2'' 


.-IKK 


SU 83^28 


575-SB7 


195K 


SM83^ . 


584-595 


19511; 


SM 83.34 


731. 7«2 


195K 








SM8331 


614. S24, 


195K 


f^TUf Rt 






8M83je 


78.82 


19RC 


SPf 83.2 


106. 117 


1d5K 


SM83.15 


239.260 


18SK 


SM83^ 


402-413 


195K 


&M83J0 


605.606' 


19WC 


SM83.33 


6M-7q7 


198K 


Atndoin^ceil 
SM 83.18 


277^287 


19SK 



™!EI?f »y«ih««ed acccrding. «s:=Jhe sequence de«^b<;d by Holder « Tlie N^ermidal ktouences rfllie «K 

fly HBl,C OT^M PDS wlnpin j^^^^ as descriJrtd previously". The i« peptides for the im^nSnei.*^^ 

bf 1h7 .tef^^ addT&rS^^T i |H^;»P''P« «yge.J?mJnitiajed>y suta^ in a solotion cpotjiniW e^uiBK,!ei«l.r ««.M.ms 

,f /i^l?*"!'^?'' '''?**?"-^^^ in a three^o-fotiifeli wSaVwcejis ewer ^vaiiaSfe 

3w The ir^Ctwn was allowed to p««*d for Minin and lhe.ijH,duct was Jiiuhid with DtM^^i^ isb^w^. TWeffi^Su? 

«uphne ;e?n,on .w.t ass«s$e<J pioic acid ikwtioo. Coupling KacUoii^ were repeated if effidendes iai below i§%^teS*raS rfSe 
«rt«^^ISfori°w;S'h^^^ .n-fluonteeUc add (TFA-PSerce^in Df:M. Z^^^S^ 

SJS^ltKi A '*if^- .S«»P''"8 <^ Asa and Cta was carried out withfthe addifioi if I-hyd^xy*en20t«M^^^^^^ 
d.me^irqriiwm de Amm^^ sidegroups weie protected with Bzl; Aig. His with tbtyt Cys with me«aybei«j1 Lys WtiTctTihtflvf^ 

Hher -hT^r^^""' could be deaved simultaneously. HF was distilled from the n^arfon and .l«?««luc.^s wa,l«d ^^thetM 
.Hher. nie peptKles were extracted m acetic add. snal^ed and purified t.y HPLC on an ODS column ^ - "7 ' " «^v^. 



r»M« ^tftaichallMist parajiusaiiia as Amux manlieys unuvinucd «iih syotheiic pepiidif^ 



••"2 



^'9 



5 

5 S 



Monkey ' 
no. 

3SS 
357 
359 



0.1 0 
0. 0 
0.1 0 



255 
. 287 
251, 
7^5 
288 
289 
Ztib 

2V5. . 
298 
'290 
291 

'3ob-- 



0 
0 
0 
0 

6 

0 

b 

. 0 
0 
0 

.0 
0 
0 



ai 

0.5 

--^l_flk,S ij...,.^ A,f 

. 0.fr 

0.8 ^ 0.8 1.0 1.6 

0 . 0 0 

0 0.1 <L5 

to - 0 a2 

0 
0.1 



.0 * 
.0- 

b:' 

0 
0 



1.0 
0.8 
. 0 
0.1 
0 

0.2 
0 

0 
' 0 
0.1 

0 

0 



.0 
0 
0 
0 

,0 
0 



0 
0 
0 

, 0 
0 



10 


n 


12 


13 


14 




15 


lOJ 


28.* 


C? 










2.8 


4.0 


7:4 


19.0 


Q 








5.4 


9.0 


9,0 


.4.5 


tl.5 


12,0 




■ 33 


.,...0...- 










10.9 


31.0 


Q 










4.k 


&0 


11.8 


9 A 


9.8 


EO.C 


ibJ 


0 


0^ 


0.2 


}.2 


3.2 


ND 


ll.'6 


QJS 


2j0 


4.P 


*>:5 


6.0 


6.6 


Nb 


0 


l.Q 


0.8 


.^J 


ND 


4.5 


5.7 


t.a 


2-J . 


5.4 


19.4 




7.7 




0.4 


3.5 




3^ 


ND 


0.2 


0.2 


0 


0 




0 


0 




.0 


0. 


O 


.0 


0. 


0 


0 


0, 


.0 


0.3 


0 


0.7 


0.1 


a7 


0.4 • 


:o 


0 - 


0 


0. 


0 


.0 


b . 


0 


0 


0 


0 . 


0 : 


b 


. 0 


0 


o 


0 


0 


0 


. 0 


.0 
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20 , 22' 




' > .**' ■•. Sequence,.'..'" 

* 2 3 4 6 6 7 9 g lfl[ 11 12 11 14 U 



24 25 . 28 ib 35 40 45 60 75 W 



Q 
Q 

8.3 

3.r 

Kip OJf 
b b. 



OJi 
0.5 
0.2 
0.2 



0.4 
0.1 

.0.'( 
02 



OJ 

2J .1.1 

>b 0 
Q 

b 



0.9 . OA 
1.0 ' "UO 
0,2 
0.2 

0 yj> 4.4 . 5.5 

ij 4il a9. d4 

0.6 .0 0 

0 0 0 

0 0 \. 0 0 . 

0* 0*0 .0 



G.I 
0 
0 
0 

2:i 
0.1 

0 

.0 



rt 0 0 U 
ti 0 Q 
b 0 0 i> 



0.2 .. u "0 0 0 vi; 0 J 

0.0 . 0 . 0 0 0 0 ti 

0 0 0 0 0 ^ 

0 0 0 :p 0 A> 6 W 

0 0 0 6 0 ,0 0 0 

. 0 b 0 0 \ 0 0. 0 



mSn^or^^^^ ^ ™^ «nmun«ed wiih sj-nihetic peptide miiiui«,.P4n.sit«nitt is expr««d as the peivi^riii^e of infect^ Vcll^: Q. 

'^^JVT^r^A^ V**"*^ ND, noi done: The Brsrgmiip ot monkeys »^ immuniwd .iih 250,^* <rfe.eh pcpiidi. SPf 35.1 and SPr55!l. 

rnntLu **5!?IIr of n«»k«y» wa* inunuotted uiih a mixutre containing equal amounts of the BSA^oojugaied prpiidev SPf .VVI, SPr5M and 

th7«i wav « ^mmuniied with saline soteuon diluted 1 : 1 in Frtund's adjuvant Immuaiiation and challenge uith R fckipon^r^^i^ carried om in 
inc HHic way as netore. Paraataeaia was detenmned daily. 



I patients with NEC b shown m Fig. 

levenil in vitro systems, such as pri- 
cy human embryonic kidney cells, hu- 
n emhiyoniclung fibroblasts* HEP-2, 
ro, and BHK cells, did not support 

growth of the viral particles. Al- 
attempts have been made to 
ipt the virus to a ceOular substrate 
tcanbem re easily managed, human 
il intestinal organ culture appears to 
the only reproducible system at pres- 
:. Treatment f the cultures with tryp- 

appeared to fociliute the infection, 
ce the treated cultures gave rise to 
her yields of vubI particles, as seen on 
ctron microscopy, than did untrypsin- 
d cultures. 

m tests t date, the two strains isolat- 
appear t be identical. Immunolc^c 
ts with specific antisera should allow 
rificalion of this finding and enable the 
^cdilrahmcni: uf'VOSStblc*iuitsgc»sc- tdia>^ " 
nships with other coronaviruses. 0th- 
wortcjsrs have reported an association 
tween coronaviruses and NEC or with 
lous .gastrointestinal disease in nure- , 
/ inf)Mts;These reports were based on 1 
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Abstract* The coding sequences for the hepatitis B virus sutface antigen, the 
herpes simplex ^yirus^gfycoprote^^J^, a^d the inflttenza virus lutnagglutitiitt were 
inserted into a single vaccinia vtrtfs gettome* Rabbits inoculated intravetidusiy or 
intradermaily with f ids polyvalent, ^a<^^ vltus wombinatu produced antibo^ 
iriactive tpMlt!^ In, addition, ihefetu^WffityJaf multiply 

servatiohs of vims particles in ^Xoo^s ^^fdunds of vat^^^ with recombinant vaccitda virus was demonsi^raied* , 



electron microscopy or immune elect 
41 microscopy {19-21). However, at- 
npts t cultivate these particles were 
t successful. Our results lend further 
xlence to the hypothesis of the exis- 
ice of a human enteric ooronavirus 
d suggest an association between 
;se virus particles and cases of NEC 
served in the Dallas epidemic. Furthf r 
tdy is needed to substantiate this asso- 
ition, and a complete epidemiological 
restigati n of the outbreak wUl be re- , 
rti&d lateri' r> 
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The ability to introduce endogenous 
.inactivjc^ sul^noj^Cyfirag^ 

^xinia vniis:|ntqf:^iii^^ prbgiehy^nurus 
by marker rescue'tech^^ (/; 2) sug- 

i gested that extensj^ {nnotocbls 
mi^t allow :for^^^^^ of foreign 

genetic m^erial ii^ vaccinia vims. This 
was initially demonstrated by the inser- 
tion and expression of DNA sequences 
derived finom herpes simplex vims en- 
coding thymidine kinase (i, 4), One of 
the notaUe liscs of vaccmia vims ex- 
pressing f<Heign genes is the potential 
generic approach for the production 
of live recombinant vaccines directed 
against heterologous pathogens. Exam- 
plei of recombinant vaccinia viruses ex- 
pressing the hepatitis B vims surface 
antigen (HBsAg) (5, 6)« the herpes sim- 
plex vims glycoprotein D (HSV^) (5, 7, 
9« the influenza virus hemagglutinin 
(InfHA) (9» the rabies glycoprotein 
(//, 12), the Plasmodium Imomdesi spo- 
rozoite antigen (iJ), and the vesicular 
stomatitis vims G protein have beoi 
described. In aD cases, expression of the 
foreign gene in vitro was, by all btochem- 



ical and biophysical criteria applied, sim- 
ilar to, if not identical with, the gene 
product synthesized under native concfi- 
tions. Vaccination of laboratory anfntals 
with recombinant vaccinia produced 
antibodies capable of neatralizing the 
infectivity of correlate vimses (5, 7, 9. 
72, 14), induced specific cytotoxic T- 
iymphocytes (12, 15), and, significantly, 
protected laboratory animals on sut>se- 
quent challenge with the correlate patho-.. 
gen (5, 7, 12, . [' '^^'4 

An advantage of vaocthia for vaccine 
constmction b the potential, for the ;in- ; 
sertion of multiple foiieign geiK;tic /de> 
ments within a sin^ie vaccinia virus 
genome. Such .a polyvalmt vaccine 
could elicit immunity to a number of 
heterologous infectious diseases with a 
single inoculation. We report here the 
constmction of vaccinia vims reoomla- 
nants expressing multiple foreign graes. 
The immunological reqxmses to tnocu- 
lation obtained with these polyvalent 
recombinant vaccmia viruses as wcQ as 
data obtained firom moltq^ vaccinations 
rf laboratory animals are presoited. 

The modification of a sporitaneousty 
occufriOH vjible deletion mutant (i7) of 
vacdnk virus to express Uie 1780-base 
pair (bp) comploncntary DNA (cDNA) 
of the RNA segment encoding the InfHA 
has been detailed (9). This recombinant 
virus, vPS3, was used as a substrate for 
insotion of the HSVgD coding sequence 
US), The recombinant vaccinia vims, 

981 



€a 10A 'HDNHDS 

Sopepionis-qiMaiS dtp jo lUdatad 
X)i|9t3 *ooi:| treqi S59( p9)tinp s]3^» 
qiMi pimoj $eM 'dppxEsuou Ap^in )$oco 
*uoi)iqii{in qiMOJO '000*OPI P ^ofWiip 
IB p3P9}9p 9q ni}s p[no3 iOiAiiOB tq^Mois 
9)A30UB|9ui JO QopBiniinis imopdo 9mS 
OOOri 00$:i pdinjip $pbj)X9 )bi|| 
pdMoqs nttsuiUddKa uoiir^it 'saUsoa 

-ioso! mpniiAiptHc] P^Jff^ 

JO P9^9 sqx *tsoi m saimpis sXep 

poB *ipe)9p puB dn punoi Anenu^ 
VdX JO aoodsqe aqi in pain)[iid s^iAo 
•OltB|3ID 'noisiAfp puB I|)Maj9 jpo 0% pI89 
-ai miij^ *uoi)eioci20din 3inpioiXq)[H^] 
ui asBwm pioj-oc B ui p^jpisaa gf-j^ jo 
spHUxg *(vdL i3Bi)X3 pappB JO asuds 



Aq aM0i{s sb s^SBiqoiqg SiniBimiiB) 
-003 JO 9dJ} siaauuddxa loj p3sn 
satmipo -(f) 019^90^ i{iM& maqi pdiBan 
om JO V) maipeiS Ut033d 9diu9SQi 
dunoran Aq aisq) pd^und puB saompo 
9qi psznnsdAja 9M 'ooiiBaaDBiaoa iSB[q 
-oxqg piOAB ox psqump sb paim 

pOB p»)B|OSI 9JaA 59|A30I1B|9)^ 

'VdlP d3U95qB aq) in 
S9)A30imi9ui JO qiMOJS irauad ptnoM tsqi 
S9dA) 093 J9i(io pDB BiDoiiB[9io Aq pasnp 

-Old SJOPBJ JOJ q3JB9S B Ul^9q 9M -B9pi 

siqi 9asjRd ox -sjopb^ jo jo)3B| qiMOiS 
9)A300B{dai p uofpnpoid 9q) qiiM 
p9|e|9ossB 9q tqSiiD qjMOiS )a9pa9d9pai 
J!9qi )Bqj 8ops988ns 'VAl JO wudsqe 
9qi in oj)iA 01 AfsnoioSiA /aojS Apx9a^ 

S|]99 BaiOIIBI910 UBtUnq 'S9|A90IIBI9ai oi 

ISBUBOD u] *(f) 9unDiSBiqAq)9iii|A)nq 
-osi poB iz) 01X01 ei9{oq3 Aq p9)Biio9|od 



, -ftlKI) IK tit »» mWM CX 

(ctti) ir 'awao "WOW :« po« w<s i *o u 
*($ijsi)ti)$*» *m*m7*a»ni»s*N *a ir 

-sniiinm oo i pi ns a i Aq praugooo asaw sasoiu 



itmpavA nnoMpiosu pAoa « pus Kid* 4^ 

vn^aovA aq) 1^ uoiiiiDm'iaibuoa) jjigtdFp' 

' jiiBi^d;pAOii ;» p^ w b n w 
,33iA SQOoiSopiia ^ q^i |*0 




[ QKm pOAUap iaiotiiaid sii2|a «|ni33KA i 

-jaiai PB lu| mtiuoo jw t oogw tf xjf in pin|{ 

, 



61 



JO spunoi |^)^3j puft^^itionBibdjc^ 
9inpimAqiiiQ^i^^S3^^ -p^P^v^: 
-ottBpiD '81^11X9 2i-m JO *^A^Y /iCLvv 
"laW-NS P 99U9sajd 9qi aj *q}MOi8" 
1193 00 poB uoijBiodiooui 9uipniiAq)[H-] 
tBuntmn p9A&oqs Viix jo ■99U9sqB 9qi 
UI pstmiind s9)A90iiBi9)v '8HM 
)SB|qojq9 8im| 9iiioAjq«i9 9q) niojg poB 

— BWOIAOOJJSB ^A^OV P*»« BUI0UBj9UI 

I£l-1HW'5!S •Ai9UiBi»--«i8ij6 iBUU9p^* 

•0)99011190 JO 89011 Om ^OJI^ p9AU9p 

S)0^X9 q)iM s)S9} $9)BJ|snin I aonSy 
^ ;sKiBJix9 nw 

O^ pSUnq 9A ^>9)99)9p SBM|^lA||;^^pO^^^ 

JO spmg )UB|S^9dns oqi m kj|Aj)SR Sin 

-|B|nUipS-q)MaiS| 9)A90IIB19UI p9)Bn{BA9 

9M *s9|ph)S j(^iifain9id ii]^*5is9q)uA6 

U]:UB|9m 0| SatpoqBiaUl 9lBtp9UU9)Q) jfO 
fi)99J99 9!XO)'9q) pfOAB Oq ApiUS ibj'p9i99( ' 
•95' 9J9Aik SdOfi n^ B1D0UB|9UI p9)tt91ll8|d 

'(A tofU|B)S 9^p|}d9doufure^u|9 



VHIOI sqi 0| Pft n jMW ' tn sado^obM d^ASH 
9q D&3 VdL P A)IAp98 0ni93O)na SplX^^ Aijonqnos 'KldA^^nuu cniudi^V^^m 

"SfiS flW ODIS lUO^ S9)A900BI9ia JO )U9Ui I •praisiy^ 



-qB 9q) Of oLttoiS, S9}A3DW|^9^^ paied , , ^ ^ ^ ^„ 

-UI09 w)^ oopwodjoam^^ -yt^oiit O) qisiii) SuiiBi'mnps puB siioisu^ '^ 

m osBdbm j^{pjpct$ B iii psjj^Su i^^^^^ *sns n^i linjis moi^ S9jA90UBi9in jo *»u9ui j ^pimsitid 
rcI-lHW-XS JO i^OBOjggjpsjA^ ' .ipBjfij^^ oqi 8mniuu9d Aq on : S.^b»55^Sip^^ 

-iA'm^&9)Ai3Qirei9mjouoi)B3ndajsjaisojf|T^^ 

•OZI i^m tt) J^W^ p9M0qs 9^ -ojjiA tti '^l lii?s^:POT- 
S9ipni5 JOJ s9)A3ouBpui JO &j9qainD loop 
-ipns SoraiBiqo ui sopinoipip ai Afoma 
SoiMO 'uopBpiSaj qmoiS 9)A90UB|9a] 
moqo DMOini SI opin '(/) ^I^jbj Apio 
sisoino s9oaiJ9pun pnp uopBpidod 
joupu B )U9S9id9i up{s uBumq tBUUoa 
UI q9p]M *Apoq 9qi p ${{99 Supnpoid 
-)D9ui9id 0!aB[9ui 9q) are S9}A90UBi9fV 



aqi *fia3Danbn wroaaa jo 5I yd "p ' 
e in Smiptsaii pm-d-jsdiH^^'''^^'^''^ 

pin snDimiai j ig)| oqx *p3WS| | 

puiH vfoiam looq p»A}fap 103111803 qi-g*! v *g| 
(1860 owe *U WA T IWM O '41 

L., ^-^ly *««iUt, .:■ 



/etWf ¥0A 'yj^wwy 

OMHVf^VSyiQ 

vaoNiaa vNsivoov}^ 



VS *pt»y WN '70 I* -MWBM 'J ^ 



woyp vyi w<> io;:>o/ v/^hoi^ f p i//^ j S9iuit qz 0$ p jo (tKop tt^t 

9tf$ Bu)nfm9d *mKoouvi9ut jo/zifAjm opi98oifui wBuoJis 9119 uip9$in$94 

JSmsSOl yyr£ puv SdOSOOf tf$MOj8 dtKD0UD}9Wt Jo 99U9S9Jd 9tfX *S9^K90UVI9Ui JO/ 

Buiiawojd-tiiMajS 9Atnf tou pip joiov/^iSMjajS p9Ay9p't9i9wid piw '^m/ 
tiiMQiS 9ufmo/twm *9Uouu(ni 9u$wpm^s^jKMm>i9w Uotoo/ iftMOiS puu9ptd9 
'jom/ ii$M0J8 9AJ9S 'mnri9Hnd9 pm9j jo *s9$K:Hmji0J9^ pmuou *J97iwo fmt9j *'nw 
'Oiso\qoin9up9jmin9p s$9mt9 ujpuno/tOM KijAipv StqiouiOjd^fMOJS »|Ai>m«7«a 
<W "^i^tf titMOJH 9iK9ouPi9W/o 9Mnos 9Af$ao tsom 9ii$ soM *8uni ^pto/Cjqw9 
uvutmi woif P9A9J9P 9U}i fi90 fw^qojqtf v '^-/n yyrj fo 9su9sqo ^/ w f9t<9 
-ouoiBtup uoimafipjdp9nuimo9 uoddrn S9uii ji90 imoi&iOJtsv puv muouxfiym <q 
p9onpajd sjowj *p9$s9t 9J9m s9dSi 1199 p9jnijno moymA/o stmm *g9$£3otwi9Ui 
/o y$M0i8 9yi 8u!fopi89J sjom/ po}3oio}TXs(d JO/ qM9s v Uf '(VdL) WIBOd 
'£1 l^<^diKouo99p0ji9t-^r,i so tpns uom/p 99U9i9jd 9iit tt/ p9Jmin9 n9pm 
ojifA w 9w8odaid tou op wf.f tinpo Jo pt9/uioj/p9A}i9p miiootwppi lOTJjsqv 

01 SLRKpB^ ^^^iSaHiv :snfiMHii^3f^ 



* vrn vs pwv iw -p mm q 6 

vt ap *1 *m0;m;a w wnfsodwAS 

ftntopmunuf psfii oi ••/» i* f^^^ *a *8 

*(W6I 2M0A *»N *^^Snf d 

— — — vf) 



•<€86I)0»t«(*«V»»fJ 

•(«6i) C6I ?8 *pw nwd *a J 

•f IH '-/TO "P I* »W|WW H > 
'P»9y thw JflW 'pjapw ?a PW JIMTO *q *C 

*(ta6i)»i *atnriw) 

WA wwy *n«in>na •« ^ pOT nms *D *t 

WWPWWWMVH 

*U0pBII199BA 9}8UfS 

9q) JO )Bq) 9q ppiOM sfsu aq) SBaiaqM 
'soa80q)Bdsn4^oi9)9qj J9qiimu |B)0) 
9q) tsnj^d'^AliiDniinD iBip 9q ppiOM 

p9AtJ9p .a^^^ 991^ 9plS 

)0ani^^ 9^ o)^aopijKnp«k^ p opaj 
-igimioq aqi. Masp o«{b :ppio/tt 'saupoBA 




£9 

p 

0 

zi 

Zl 



06 

69 
£9 



OCT 
0"t9 
OCT 

0'« 
OCT 
O'U 

arm 

O'U 
091 

ro 

Lit 
8*9 

y%\ 
yo 
ro 



G9 
6( 

9f 
^( 

0^ 
6 
9 
£ 

Z9 
LS 

9 
C 
I 



0091 




(9g) Doipnpai anbqd 



(sinm vra) 



3ip JO siui^nqi oopaidp 9|qeiA paugap 
Smsn pdoie^o aq uea y uSjiaKoj 

aq UBD.VKq JP^ 

oiu)suo3 sqi sa^pnu VNQ uSfa^j jo sap 
-puenb aS^ idadas oi siuia aqijo Xtinqo 
aqx 'SDi^oiinped siu^iaiaiaq snoueA 
)sam9e aiziuniuun oi aAjas pftiOM uop 
-eupoBA aiSais e 'snqi -sui^ue oSjaioj 
aidfiiniD JO saauaid>as.8in|N]p^ 
SIUIA ciopaeA paiaain^a Sinpmisiioo 
Xq suaSioqiBd oSteJOj aicbliiiai |sui88b 
XitEmmun )iai|a Awa aub 'uoptppe nj 
*vnipaBA 0) asoodsaj aanmiin as Apeai 
-{9 SI ajaq) oaqM paAa 'iiai9t)UB uSiaioj 
juaiajip B O) asoodsaj |n3i86|oahu^ oe 
ipip o« JO pajp jnrjsboq B Oi -OMtP 
a{npiaqi» wiieapaBAU b in pash mi oco. 



>siira"VHr'in(d wrt .saiXaonnAia Dai|anp qiiM sjsai tviptqupn uoiibi^^^ ^ , . ^ — • ■ - 

iqiSd^JW^^ 01 Xpoqpuv -iKmnnp uinjas aqi'^ja jBDoad^i^^^ ^iSiaioj JO ^aiiBA b ism^ azranuira!^;^ ^ 

V - V , — — , Pi,.,pasfn aq linb sua3iiiiro^.a^^ , 

^iij^^9u^>o:m9 sauaiS uSiaaoj SopcN^^ 

^ ^ - - » «mc« snitiA^iinaaBA pajaauiSua Aneaw 

p»teim» aia« spA^ ApwBlUB dy^aHiPiV (LIS Wflw) VHPI aqi anssaidxa loeuwruioa VHJUI aqi OTSsaxa 

^ Kln>^TOBMBA-|a^ K T» pwopofBAai io iiqqw) jBvsgH «uissaadxa -xa iDBUiquroaai siuia BiuiaaBA pAOU aq) 

^iei%m^^ |J[)!M pa^BUiaaBAaj SBM liqqBi aip ja^B 

aqi! ft^flK^ym^^^ syiX' wira^ « jo «|un Sinuuoi-ahbetd ^oi x $'\ vm* ^RW" uiiuas aui ui aiQBiaaiap san>oqnuB 

^Cl^naouj si^ 'WAaMOH -SrvsgH oVsaiKn«B 

JO jajft aqi 00 taaj^a ou /Cpiiuassa peq 
uopBupaBAaj s|q) 'paiaadxa sv 'SysgH 
aqi JO pBaism VHPI Soissaidxa iubu 
•iqiDoaaj siuu isfoiaaBA b q)iM paiBup 
-asAaj SBM iiqqBJ auiBS aqi auip qatqM xa 
'aopiqnaotii iBprai aip paoXaq jBaX s joj 

r - ^5^^;^^=:v '981 HHH^u , ■* . V fF ifl^^vii, :^Ja)ii^q )B pa)sisj3Kl flysgH ^ s^FP^ 

9uys6jkidxa lUBUtquioaaj saiiA Bftib^BA 
B ipiM AfiBpnii paiBinooui sbm )|qqBJ y 
*SMoj|6j SB paupnqo'SBM (BuifUB aunS^^ 
X|sno{Aaid b jo uofiBupaBAaj uo ua8 
-pilB U8paatfj*tt m »Ar)t>tat)aU i»^p04tiu6-jcr - ' 
oopanpu! am ioj aauap{Aa paJia 'uopBu 
'pasAaj uo siu|A BfupaBA ^uBUiquioaaj 
aqi JO uoiiBaijdaj Suunp paz|satpuXs 
SBM Sysagrii^ aofmaidxai 
dqi^^injMy^ q^^^^ asuodsai ap 

-sdiiti^fe: ^Hl uoitBtu 



00^ 


091 


08 


09L 


m 


OZC 


08 


09i 


m 


091 


Ofr 


09£ 


00^ 




08 


091 


Ofr> 




02 


08 SI* 












^^%t^V:v.08ri-;^ .... 


% 


'.. * 0^1 - ' 




mvojfi 








09^ 

ocrj 


m 


091 




091 


09! 


o» 




-091 


oppaBA 


ASH 


VWI 


(sipin Viii)' 




-rw . 


-Iinv 


»y»aHiw 



I 



:0 



.1 

■J 



4^ 



1 




in n vTOsnv 

3qi qiiM p»p9)3p SB oiiHJ N/d MP JO 'pwn 
^ O^ASH JO VHJUI o) unudspuB ||9}||m 
ui sidXefouoio o^DSQ pai^aj"? *i»xgun p 
sXessBOonoraiioipei in»sajdaj suumioo (Bdi) 
•JM aqj, -sasiuiA BiupacA lUBuu^u&sai^^f^ 



Z86 



w >r WA TSdA sqi JO »Wl-piiA wn 

mwi p9P3jtn sn»3 0^"DSa mdsajdai snumiod 
IBiaozuoq aqj, -jaini3B|noeui aqi Xq psog 
■op SB (M/j) soiitti 9Aiie83a-ov?Anisod aqi 
inasajdw sjdquinu aqx (woqqv) U VIKSnV 
ipi XBssBoonunmo^pej diqBfreAB XnBimunoos 
B tpiM psmup stM aysflH so 33i»said Mp 
pttB 'StiiMBq) poB SniZMjg JO sspXo sanp Xq 

pUBdud aiaM 8)3EI|X9 [{33 P9P3JUI-0^-DS8 

'aiojaiaqx "(f) sipa pai^ajin aip onxg pa}3Jo 
•xa st snjiA BtupsBA Xq pazissipoXs dysQH 
9qi *3U8jqiD3in hm papajtn aqi 00 pan 
iBDoi are qarqM 'o^asH »m pro VHJ«I wii 

V uiaioid p»pq6|-i^, ponoq-XpoqtiOB 
JO dsoasaid aiBsipin satiisoap aqij -psqdeiS 
-ojirsorpei puB 'p9up/*sjai}g asopinaaanm 
00 pajuudnn aiSM sjaXBibaoui aqx 'oon^ 
m SinqsBM Xq paAomai sbm v qaioid p»|aq 

papeanin '(6) p^qubsap Xisnouaid 
SB pappB 5BM ^snsmo tn:>ooopifyfdo$^ majg 
V majQid paia^B^i^j, Plfe.r'auiik !pw^JMwi ^ 
-ajBqdsoqd wSuiqsBM Xq^^aAoiuair^M^Xpoq ■ 
-ilUB pajTBanin *jn6q \ ioj^idni^^Sakvimo^ 

-nan Xq^aztr^nsiA ajam sahSsfd 

jayB sXbp OMX (891 jA) 8vsaH POB 'oiASH 
'VHW sqi JO '(frZidA) O^ASH P^ yW^X 
^1 '(CfdA) VHIUI aqi ioj saouanbas 9ui 
-poa 9uni;B|Doa siiiBoiquioaai stufA eniioaBA 
w|> io '6^.xiA *siuiA BialaaBA adXi^puM 
jaqiia m;^ pataajq uaM sn^ -sjiibo 
•iqnioaai «njiA BiupaBA Xq oofssaadita SysflH 
'a«ASH •VIU«I JO WMiwjaa J 'SiJ 



-3BA 9q) ipiM XQBUmpEDDI JO X|snoudA 

•6^-XLA JO £^A pire 
^ZldA sjoiiuaSojd s}i ipiM pdpdjui sfi^s 
■ 'PJ»^ pT^iiTTfinp^p s s,^ XiiAiiOFBaiJ pwi 
-SoiQids ou seaidqM ')UHinqni03aj 
9q) q^M pdoieiqo ai9M s^pisai dApisod 
'noissaidxd 9vssh P^l^P ot pasii sbm 
XesseoanimoioipEj aiqefieAB yCfimamu 
-aKK> B uoq^ eSdA JO kuyUJi 

-qo SEM X^iApoeai fediSoiaids 014 '89IdA 
Sbudspo p3J99ai9ii9 n| poe ^^i^a 
lacDtquiDoai aqi ipiM popajoi awM 
sflw Ofr-DSa uoissaidxd qSaSH 
JO sieuSis oApisod 3ab3 socia xdfdans 
Sddjdq o) wiuaspoe qiui sXcsseounai 
-onoiinu Jenans •6^_XLA *siw!A Bfup 
-OBA Oadpgap-dseui^rduipnaAin) aldXi 
-PCM q)iM p3|39jai sifw sqi in paAJdsqo 

^* VI09I o| unudsnuB tpiM X)iAp3s >«• ••*^*r^rHi. »"^wrww ouH^ 

^i^Jq yiilT^J^ ssJS'^gs fT -'^^^ 
'89 WA puB tr^ldA Soiidsao 



-sia^jBiD SB VKa y PABap 
*~in pniH qitM paniBiqo ajSM sjoamSsg 
aqi JO sazjs -spjBpuBis sb imi ajaM ft aoBi) 
VHAa POB •(£ OTBi) KfixsH 'd aoci) gysHH 
joj saaoanbas Stnpoa aqi ftnbiBiiioo sioam 
-8tt9 VNa IKigund -saauanbas vIUDI poe 
^CPaSH *«VsaH P»JBi«iBinpm:(i^aqBi-d^ 
(8 01 9 saoBi) a|8ms jo ft 01 1 satrq) anonm 
B qiiM paqoid pro (g o} 9 sanq pira p aoBi) 
IHureaqiiMjoC^aoBOni P^H P9|sa9 
iP VNQ 89I<IA 'asote9B no sinaiiAKi| 
VNQ ^ P omiBjBdas wtatiogdoipap ja^ 
snu uaaiasaDdo 01 pauoiq poe 'sasBafano 
H>pi» notpiDsai qiiM paisaSrp 'siuia BtabasA 
pagund moil papejixa sbm vnq "WMa IUbo 
-cqmoaai siuia BtopaBA aqi jo sisX|80b Dm) 
-BZfiHiqXq }oiq ojaqmos (a) '(^/V^I ZS^d 
p noiiaiinsnoa aqi in paquasap saanahbas 
BnqaaBA p qi| 9*0 XfaiBtoncoiddB p ooi)a[ap 
aqi saiooapx »qi (m puiH) H pro (IH nma) 
a are VI -SLI m pagimap}. saits mnpuisai 
atu. OMoqs are sinadiSajg j {BOiaiDi poa 
*X 'd in PoiH iraznuai aqiSknssBdiDosDa 
ill) aiDonaS-^iQBUBA s BiDiaasA aqi p q^i 
0£ )SoiD|jp^ aqx '.saaoaab^ Sknjm y 



6*ee 




ei.MiA 




I.. 

mm 



BVflQHHiaV aBAGHHItiV VHiat-nov tnifA 



iqmooai BiupoBA 9q) jo uopEiodajd aqi 
01 Xifopcoi p 93u»sqB aqi joj uouaijio 
B sap{AQid osp u pHpiaoiiijo ainoj snou 
-dAonin 3111 'oopBinSaj siuia .lutaasA 
Jcpun pazisaipnXs saaSiiue 'u8|aioj aip 
p aanp no ai saipoqptm 9up|mo Aq pa 
-pDodsai snqqeiiiiba '(f aiqirj) su^ue 
uSiwoj aqi J wipbqpire JOj paoaa^ 
pro XpiaaM paoreiqo aiaM saidunis 
™»S %idA iuTOjqigoflaj snm 



IH ureg JO m pujH poABap pire 
paiaenxa sbav vnQ »HX 'tofl waipwS 
dsoians uo p9g|jnd X|q8iq pira *ja)i| q[9iq 
01 pagndure 'pag|jnd*anb8]d sqa 'ggijA 
*6fU|A BiinaaBA itmuiquioaaj aqx 

(vi -ftj) 

(^/) adA)oua9 sptasBA iusuba '7 aip 
01 'paauaiapj so 'atD0i»8 minaaBA aqi p 
sirnioMai ya| aqi tDojg 'XpAfiaadsaj *(qii) 
sasBqojpj . poe • i 'jj Vet payasiq 
aiM^sabj^anl^Vf^ 'SysflH 
^m 'Ctf'ASHv^Hi ;a^ 
o) aAl|«(ii^^^aI^ pauas 
-in aqi |o uqidiianmii 'p^ «! 
-uiaasA aqi tn sai{s,iQfiqm IBpnids 
Hif axaM sa^ 



9id) sisai iBai8o|ajas jo soBaui Xq papai 
-ap SBM 89idA lUBOtqiooaaj siuia Biuia 
-atiA aqi Xq sauaS Sysgn POT 'CPasH 
'VHPI dqip oniA III ooissaidxa aqj. 

-aioouaS QpitaaBA aqi 
p siuaaiaSueueai jooiui 01 aiip aje 
puB p sauBi •ai -Hjd) saauanbas (jSash 
Sniumiiioa spireq lui^ pntoiiippe p 
aaaasaid aqx *(X{aAiiaadsaj 'g 01 9 sanvi 
'ai •^Id) saqoid VHjni pire 'a^ASH 
'^vsoHi^pmpiAipiti p asn aqi Xq pauuy 
1 *ai -ftd) aqa2d< 
^SyHlgJIRH? 'SysflH tOllAiSHs^PWiiabvt 
qiiM&iiri5aj aqx*(vi -Sfd) luatuSag q^% 
jaSiBi 0 u? SB iuaai9ai| qi|-^ aures 
^ *9qi u| paufBiuoa are saauanbasi^QH 
*q3| ^ AiaiBOipcoiddBp luaioflaij B|ii|aa8A 
••tf3&3|-3 a|" *n*9pr»j«a(>u9nba9*o[9^i^[| 
m uopK IH nraa qilM ami 
*ai ^Id) » uaribM VH p^wind p a?fs 
aqi 01 luapAfnba 'dq 08^1 jo az|8 « 01 
DaiBj8|ui '(^ aiiBi) uopsaSip m uiBg Xq 
sutouaS BnipaBA lUBUiquioaai aqi tuoij 
pdspxa MaM qap|M 'saauaiibas vhjoi 
wiL (Vl *8!d) (5) aifs IH umg onbpn 
, dqi IB paiiasaf sabuahbas ^gu| aqi 
SufioqiBq |iiaai0ejg j m |HifH biuw^ba 
IBttiaioi aqi sioas^^odai ; aire^ Qi pimq 
pjpn aiu. (c auBj) aauanbas (THash 
paguiKl B 01 azts »! lOdlBAjfnba (^^ 
loaipSaii dq-$£ei b pro (I dOGq) aauahb 
-as 8\i^aH^PS^!j^ o^ ^s fii^ii^jp 
-Afnte te UBl^ai *8{d) |uaai8Bjgdq-060l 
B p^iM tejjwl^V^ 
sauaS a8|uoj| :a0 qi^^^ saaoanb 
-w '-'p^Bpa^^Jia^'--^ 



m 

$1 



i 

I 

'"id 

i 



eiiueisqns) n puB (|eui9jeuj) | sj;>Xe} ut pun j diSM lapnu 
p9II»qB| isow (UM us 1 u mp) (^siiojnau jo 3!}sudi3BjcqD 
X9 I qdj ui JBspnu pue 3iius8|do)X3 e puB s^ss33o^^^^ 
pBq s||» |Btbi|J3dns gj j ' 3|diu6S b j 'Kdooiisdj^iui uojp9|9 
Xq *J3A3M H ;33ns iiBuis jia[qi jQ\95^ IBuojnau sb XjjBd 
-OAinbdunp3yisSBp.'#q)ou p|n(K>s||»'u^ ui ii] 

'i^Z IBUCunai'. X|JB3p *A puB ArsidkBf dddp ui iSBi| 
IB *puB (jaiauiBit' ujhmiXBUi uiTt 3i) isphu dSTiBi pdssassod s|p6 
. ; pdiiiBiSJOiuna-*; 'XdTOSoioiuj iqSi) Xg snodUBiru 
5;i|i ioj d)8>jdaiddB si sb > puB £ .siuduiSds JBquih| jo oioq 
IBSJop iBipdUi iBjdiBiisdi sq) JO uoiSdj p3K>u)S3j e ui ppnu.oi 
: pd2i|Bao| >Bitt XitAipBUjounuiuii SS^ *(t' = «i*"!rP"?^ 

sqi oj fio pjBisniiu JO uopB3i|ddG sno3UB)n9~jd^ 

dA|)d3riOudojd x) v;, puB siiBti 9/gfv ^sjojcIapajpuBipauj 
.p]pq5ijqi*A(io{ 3 p9)Buj|i^Xuiun puB gfy paiBuji^Xui ssibaipb 

puB sjiBq jb 9uiqsfuq-snoiYQU-uou pash am. *pjiqi :,,papnpxa ' 
9q 1outsB3 SiOiddaajouBq^dui Pioqsajq} qSiq dAiiisuos iBdq 
oioi ^uopnquiuo^ jouim b q9hoqi|B "kio^dsoioou pspouiXiod q 
c^Aj, n rpuiM /«m^3^ui IB s 07 aOj >>: JO OMB S3sind 
p9Z!|e30| U3}) iBsq iTOipBJ panddB 9m /puo^ss -ji tiSiuwsjiB 
Miidopou paiBuipXui^v P«b iBpouiiCiod o pdiBUtiaXuiun 

JO UOtiB|nuijlS pUB UOpBSBABilvi BUIS^ld 3IU390Jn9U, S93hp0jd 

VP\H^ •(l!P uiyBJBd UI %s) iio piBisnu.iuBiiui sqi jd uoipsrui 
jBinssnuiBiiui puB uoitBajiddB snoduBip pdsn'dM/isjij rs^nduj 
iiiajd], B XiBuiud 31baipb o) pdiiddB 3J9>ii i jriuii)siru^ isqx 

: . uopBinujiis Xjosuds J3)J^^^^^^ 
UI pds.,^dx9 uiaibjdv^o/'O )eq^^ y.,siiio 
3|qBiip.%j» UI sdduBqa .^liiisisjsd jo uoipnpui septpue ^ub3^^^ 

- ^H' J? uoissajdxa aql uddMid^ ' ^iuii ' pdisdSSns 
aqi jo iinBD^ia -^jsuojnau tijoq jBSJQp^b sppy .sAiiddDdj; dqi jo 
Mis^qi pus iBiijds jo P(oqs9jqi:3qi ui^SuBqD ^ 

duiisBi-Siio} jo #9iud6pA9p;|i;] o) pBd| ubd sjuwsgBfjw 
-lIBUiS jo <tjpin'Aipv r^^^ iuoq . |BsLi6p 3t{) ill 

sijab bvub asdBtXs ipiqM suaihsii judjagB XiBuiud bia (s]s{3y^ 
uidlsXs siioAidu |Bi:iudq» aqj SJ3)U3 uptiBiojojui XjosudspiBuios 

'V ' ■ ' 'if: • -'^^MdinM. 3pdBaCsi$od - ufBMdd n| ' . 

.9orss»dxa 91^9 o|s^3ire^ 

D| ims SBM iio||3npa| *uo}inqi^p ivq|uiB3 loauragip v 

q)!M sjpy |»|pkiB| Dj siinsaj s|bai»gB stmoBim pioqsauiqi 
^1 jb noiivAiia^ V^AU^H """wi |Bsibp aqi jo s»Xb| iBpgjadns 
. »qi 05 ^jAiisnopuni^ aoovjvaddv pfdou 9qi 

0} sqiiQsu ||nib||s i»3|iinq9 jo ivaq snoixoo Xq s>iiaj9^B Xi(»sas 
.sho9UB9ii9 j9|9toBip-||Buts JO oo||BA}py *pio6 |va|ds aqi j6 njpq- 
ivstop di^ JO siKMn90 dpdvoXsisod JO {apnn di X|}A||9iKajouDitnn| 
^m^r^mAsof'^io ao|Ssajdxa aqi sasnvssooinap ibosoas iCtBui|jd 
iu jo oopvpiaiiis |B3|8o|o^qd ivqi wq yodaj ayw Ill-C sju) 
p?« dl^V^ *|OJ»>X|8iX38|p mSoassra imcms JBiiqiaoBJitq 
*W» piiB »ppdad *sjopBj q|Mpj8 8a;pnpii| {|Dai^ snofJBA Xq s»iq| 
f^o^bitXMiaoiqobaBqd pov ^iqoiiqg puniiio m paoripof sioaiiai 
spraaS |»||je9 aqi Sooics aiB j^uio pus n/o jo apfssajdxs 
'^jSiiOiD3o.;0} raSntqa. jBooiiaonj ps^ jo |iiMDqs||qB|S9 

inp ,oi jnbi ipiqk s|nm )4i3ii98. jo o} aiedpiusd 

Aftu-;3 pin S3!ro3o3QCH>IOJd >qi' iiaM| *sBq j| 



»puqiue3 jo XiisjaAiun 'XSo|(bEuueqj jo lusuiyeddQ 4 . 

)in 'HOC ca J aspumueo 

0 jiBfniuiis 

socMiian pjoD leoids 
uf apioid a^i|-so/-3 j aoipnpoi 



tw6ii C9C ^v: iTf Muojv p w ?i '/A **»nK».> >i 
•(Wn Zff8>«C(B t« >YTr> PS* rwv mvjv Jotf p ** *v 'tuawu f I 

iipuir -3 3 -IPIPIWO » f -O -"opf l^^iB "h'*)I Wiior-rs w '^wa j| 
■( C86I ; ! I r-?cf KHI i^ww ?vwy 3 7 -f Pmib; V -j :«kia 'XI ta^tH 1 1 

tiltfcli k'»tt'-iii!> Itli'-wwj^- lb I* f ^ 

*< <«6I » Vfl V - ItIV IS VV>1 ?Jy piwy "WW, /y a *«iaB|«noH y 

, >: "^mil I6i-6811»ir*««nw p w *1 Tl'twWbj > 

■<^86ll HUi-9891 *6SI i>»H / P *»* )| M *iniraH*id C 
iSMjd aiii ct) *i»iu»i V a 'ipouKO -J *wt«8 »w*»A 7" « 3 W 'oJtcumnj 1 

' 'idiiasnuBUc 

Dqi qiiM dpq joj uooiis ap oa|63 Xuubj puB ouBiquiBz sapsD 
-jaVv^H^IN puB Xuo|03 3Ca3|u6ui *jnjov aqi SuiipuBq Joj bahs 

. _ J??Sf Jflj33«liS|SSBj^^ BOU^ia^Q pUB JBZB(BS 

XiBw zni ^Bj sp|JB3 *dAJ3n3^ UB^fFHsTq 'sisaqiuAS appdda - 
sn SuiqoBd) joj Jdujai pJBqdi;^ pue U9)q9hoH P^qof^ 'hajpuv 
piABQ *pi9g!ii»i/y d^iua sjo Voddns joj Xu^uioq uin3|oi^' 
jBiuapmo bq) puB JdiumBfj' puButiy jq *ejdAi)i 'uujap 
i^D oiJBj^ JQ puB JBZB|BS pinrnj' 099^1 vn^ufq^g* ouWip 
luapisdij ^Bqi 3/^;-Biqino|03jpX9U9pi5ajd aqi Xq pouoddn^; 

r ^BUBiBUi |5u;b9b bupo^A .|B^^ B SB 'tuijdpjsilo^ qvo^i 
SI sdppddd on^qiuXs JO uoiiBUiquiob siqx 'sibiuiub Vpa^BumBA 
dq) UI Xiiunuiuii 9id|dui(» jo duiznuW |Bi^^ j 
3|qBdB3 9iB *ubip9jui iBiudwuddvd |suib9b Xi'iunuiuii fBI^Bd J 
3)9|dui03 jsjib or tiinpq's U93q^ pBq qaiuii^ sdpiidddXjod 

jO sdsiisnbds ptbB' b^^^^ o) Suiimodob ps^SdiiVuXs ^ri^^ 

:e|V-J>tlMBA-«sy;U|o-JiU.-niOTB|V-ni9-n?l-n^^ T^SidS 
\^!OT^IV-usv-?Xi-sXi.usv^B|vr*pw-X^ VStMS 
s^pi}d9d a wqj aqi jo;uoi)BU!quib3t 9i|) )Bqi jy^oqs $i|ns^ j asaiti 

• 'sappdSMd OMv jb uopBujquioa if b^ 
pinpa pajaijb uoiiaaiojd aqi iBqisuneiuai Xiifiqissod sqi 'ajnixius. 
ipildad-aajqi stqi q)iM paisarsXa^uow JO J poiiuni aqi 
JO ashBpaq jBqi 'jaAaMQq.*iaq^^^ 

•jwcjoiq iuub||!^ luiuj siuaui9^^ isqi pbj aqVovHnp 

uotpaiaid Jdnsq.pdptAOJd aABq X^th aj^^^^ 
;3ppdadBpo paiBadaj dqi jo:uup|b^ qjjM Sui^jom 

ajaM bMiBqiPBj aqi oi drip ^ PIfips sbuajajjip siqx 'idtuou^ 
foiiaqjiiXs jds 9Apaai6jd-u6u inb jb u^^^ aijbuiX|6d b i 
9iztpubdsaiioa vsa>i Jo iu^uif «i| pwMujfiia Xj|Bbpi^^^ b i|jim 
pazmnutuii sXd^liam shioy auibs jit ubipdibjdiuizjiua^^^ 
paquasap ^jo p ,su|||op *si|n5aj jnp oi iSBJiuop uj -aaganbas 
;api)d>d |-£gj(is; jiip suiBiupa ipqi.appdad anptsaj-ie b qjiM 
sXa^fuoui uiuiws lii |irui aiiiaoisA uiniiwfp/i;/ ;/ b ui uotpaibid 
9uizi|ua)5 iBiUBd pau|B}qo'osiB ^,70 la 9un3q3 'Xpuaa3>i 

-sunpnjis 9saq) ptpaid o) pasn am poqiaui aq) 
jo j5uo|iBiiuii| aq) p) anp aq pinoa Viqi 'ainpiuis appdad pai 
rdipud ipiM uoipaioicl jo uopB'iaijoa pu sbm ajaqi < ^pa)sa9Sns 
uaaq sBq }BqM 6] XjBnuoa 'puB uoipaipjd puB aiip XpoqpuB 
ua^Miaq uopB]axj03 pajip ou oq o) sutaatr ajaqx'-a9ua||Bqa 
jayB Xup |iiun uMoqs) sXsp 08I bi dn (e^iqei) s9|duiBs 
jBauis poojq UI jF>dpdpp aja/n ||Ba^:i5aiisBJBd ou puB asBasip jo 
suSis. oil paMOqs dnoj9; atuBSf s|qi j6 sXaifuoui aajqi SuiuiBuiaj 
9qi *jCi3Apoaj snoauBitiods Xq pdMOifoj 'dhoj9 |OJ|U(K>, aqi 
ui pBqi jaiB| sXbp -oi HupfBdd jp. BuiixBUi^BiuiamisBiBd 
qiiM (ioipajul piiui XjaA padb|dAap (r$t^ TSS *re8) wnixiw 
appdad-aajqi aip qiiAi paztunuiui! sXb^uoui xis aq) jo aajqj, 

sappdad iBhpiAiput qiiM 
paziunuiuii sfBuiiuB o) jsBJiuoa ui 'OSI/^P '<q pddo|^Aap lou pBq 
sBiuiaB)]SBJBd siBuiiuB asdq) u] -pajaApaaj Xts^oauBiuods. puB 
%6> uBq) J9MO|.5BiuiaBii5BJBd pddopAap^Jnoj SujuiBUiaj dtj^ 
:5|0j)utK> aq) orX|jBi!Uit5 asBdSip aq) psidpiaAap (iVc PV^^I-fS) 
sappdad OM) q)iM paziuniuuj sXa^uoui Vit/^^^ 

snoiAajd aq) o) pajBduioa aiip XpoiqpUB'jdqSiq b pad pAap 
dnoj9 |Biuauiu3dxa siip ui sXa^ubi\ . aiojaq sb a|hpaqas 
uopBzibnuiuii aiUBS aqi Suisn 'i fgjdS pu« rsejdS VSSJdS 



iKfti isiionv fi rfii* noA 38ruvN 



3MmvNoisaajiji 



ZC9 



3 



fj^ 

PCX 

INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



•c 





(51) International Patent Classification ^ : 




(11) International Publication Number: 


WO 00/11179 


C12N 15/30, 15/62, C07K 14/445, 16/20, 
A61K 39/015, A61P 33/06, GOIN 33/569 


Al 


(43) International Publication Date: 


2 March 2000 (02.03.00) 



(21) International Application Number: PCT/US99/ 18869 

(22) International Filing Date: 19 August 1999 (19.08.99) 



(30) Priority Data: 
60/097,703 



21 August 1998 (21.08.98) 



US 



(71) Applicants (for all designated States except US): THE GOV- 

ERNMENT OF THE UNITED STATES OF AMERICA, 
represented by THE SECRETARY, DEPARTMENT OF 
HEALTH AND HUMAN SERVICES [US/US]; Centers 
for Disease Control. Technology Transfer Office, Executive 
Park, Building 4, Suite 1 103, Atlanta, GA 30329 (US). NA- 
TIONAL INSTITUTE OF IMMUNOLOGY [IN/IN]; De- 
partment of Biotechnology, C.G.O. Complex, New Delhi 
110 003 (IN). 

(72) Inventors; and 

(75) Inventors/AppUcants (for US only): LAL, Altaf, A. [IN/US]; 
2070 Asgard Court, Atlanta, GA 30345 (US). SHI, Ya, Ping 
[CN/US]; 2070 AsganJ Court, Atlanta, GA 30345 (US). 
HASNAIN, Seyed, E. [IN/IN]; H-8. Nil Campus, Aruna 
Asif Ali Marg, New Delhi 1 10 067 (IN). 



(74) Agents: MCDONALD, John, K. et al.; Jones & Askew, LLP. 
2400 Monarch Tower. 3424 Peachtree Road, Atlanta, GA 
30326 (US). 



(81) Designated States: AE, AL. AM, AT. AU. AZ, BA, BB. BG, 
BR. BY. CA. CH. CN, CR. CU, CZ. DE. DK. DM, EE, 
ES, H, GB, GD. GE, GH, GM, HR, HU. ID, IL. IN. IS. JP, 
KE. KG. KP. KR, KZ, LC. LK. LR, LS. LT, LU, LV. MD, 
MG. MK. MN. MW, MX. NO, NZ. PL. PT. RO. RU. SD, 
SE. SG. SI, SK, SL, TJ, TM. TR, TT. UA, UG. US. UZ. 
VN. YU. ZA. ZW, ARIPO patent (GH. GM. KE, LS, MW, 
SD, SL, SZ. UG, ZW), Eurasian patent (AM, AZ, BY, KG, 
KZ. MD, RU. TJ. TM), European patent (AT. BE, CH, CY. 
DE. DK, ES, n, FR. GB, GR, IE. IT, LU, MC, NL. PT. 
SE), OAPI patent (BF. BJ. CF, CG. CI, CM. GA, GN, GW. 
ML, MR, NE. SN, TD. TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) TiUe: RECOMBINANT MULTIVALENT MALARIAL VACCINE AGAINST PLASMODIUM FALCIPARUM 
(57) Abstract 

A recombinant protein is provided which comprises peptides derived from different stages in the life cycle of the parasite Plasmodium 
falciparum. The protein is useful as a reagent and, when combined with a pharmaceutically-acceptable vehicle or carrier, is useful as a 
vaccine against the malarial parasite Plasmodium falciparum, A genetic construct used to produce this recombinant protein vaccine is also 
described. In addition, antibodies to this recombinant protein are provided which are useful for the detection and measurement of peptides 
derived from different stages in the life cycle of the parasite Plasmodium falciparum. 
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10 RECOMBINANT MULTIVALENT MALARIAL VACCINE AGAINST 

PLASMODIUM FALCIPARUM 

This invention was made by the Centers for Disease Control and Prevention, an 
agency of the United States Government. Therefore the United States Government may 
15 have certain rights in this invention. 

FIELD OF THE INVENTION 

The present invention relates generally to the development and use of a gene 
encoding a recombinant protein useful as a multivalent and multistage malaria vaccine and 
20 more specifically relates to a recombinant antigenic protein useful for preventing or treating 
P, falciparum malarial infections. 

BACKGROUND OF THE INVENTION 

Malaria is a parasitic infection known to be produced by the Plasmodium species 

25 P. falciparum, P. vivax, P, ovale, and P. malariae. Humans become infected following 
the bite of an infected anopheline mosquito, the host of the malarial parasite. Malaria 
occasionally occurs in humans following a blood transfusion or subsequent to needle- 
sharing practices as used by drug addicts. 

When an infected anopheline mosquito bites an individual, sporozoites present in 

30 the mosquito's saliva are injected into the blood. The initial development of parasites 
occurs in the liver and is referred to as the liver stage, or the hepatic or exoerythrocytic 
phase. In this phase, the sporozoite grows and divides, producing numerous tissue 
merozoites. These merozoites rupture the hepatocyte and enter the circulation. Some 
merozoites attach to receptor sites on red blood cells, penetrate the plasmalemma and begin 

35 a development phase known as the asexual, erythrocytic cycle. Within the erythrocyte, the 
parasite is recognizable as a ring-stage trophozoite. These trophozoites enlarge, divide and 
attain the schizont stage. After successive nuclear divisions, the erythrocyte ruptures, 
releasing merozoites which attach to receptors on erythrocytes and thus begin another 
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erythrocytic cycle. In P. vivax and P, ovale, hepatic parasites persist and may lead to a 
relapse of the disease months or years after the initial infection. 

Some merozoites that enter red blood cells develop into male and female 
gametocytes. When a mosquito bites an individual possessing erythrocytic gametocytes 
5 and ingests them, the gametocytes are fertilized in the stomach of the mosquito and mature 
into sporozoites that migrate to the salivary glands. In this manner, the mosquito is 
capable of biting and infecting another individual. 

Malaria is one of the most common infections of humans. It is estimated that 
malaria parasites cause about 300-500 million illnesses and 3 million deaths each year. 

10 Most of the severe morbidity and mortality occurs in children and pregnant women, and is 
caused by P, falciparum (World Health Organization (1989) Weekly Epidemiol. Res. 32, 
241-247). While sub-Saharan Africa accounts for more that 90% of these cases, malaria is 
a serious public health problem for nonimmune individuals and servicemen and 
servicewomen traveling through and/or stationed in malarious regions of the world. 

15 Clinical manifestations of malarial infection which may occur include blackwater fever, 
cerebral malaria, respiratory failure, hepatic necrosis, and occlusion of myocardial 
capillaries. An effective vaccine that prevents or reduces infection and minimizes 
morbidity and mortality will be a very useful tool for the control and prevention of this 
disease. 

20 The development of an effective malaria vaccine represents one of the most 

promising approaches for providing cost-effective intervention along with other control 
measures currently available. Over the last decade there has been considerable progress in 
the understanding of immune mechanisms involved in protection against parasites and 
clinical illness. Several malarial antigens have been identified for their ability to confer 

25 protection against malaria. 

Three main types of malarial vaccines are currently under research and 
development, based on stages of the parasite's life cycle. The three vaccines are generally 
directed to the following stages in the life cycle: 1) blood stage, including the asexual 
blood stage; 2) the sexual stages; and 3) preerythrocytic stages, including the liver stage. 

30 Antigens from each of these stages have been identified, the most promising being 
antigens from the following proteins: circumsporozoite protein (CSP) and SSP-2 protein 
of the sporozoite stage; the antigen (LSA-1) of the liver stage; the merozoite surface 
protein- 1 (MSP-1), merozoite surface protein-2 (MSP-2), the rhoptry associated protein- 1 
and -2 (RAP-1 and RAP-2), the erythrocyte binding antigen-175 (EBA-175) and apical 

35 membrane antigen- 1 (AMA-1) of the asexual blood stage; and the ookinete antigen Pfs 25 
and the gamete specific antigen Pfg27 of the sexual stage. 

Therefore, what is needed is a single vaccine that provides immunogenicity or 
confers immunity against various stages in the life cycle of the malarial parasite. 
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particularly P. falciparum, to treat, minimize or prevent infection and reduce associated 
morbidity and mortality. 

SUMMARY OF THE INVENTION 
5 An antigenic recombinant protein, method of making the protein, genetic construct 

encoding the protein, antibodies to the protein, pharmaceutical composition containing the 
protein, and a method for the treatment, prevention or reduction of malarial infection by 
administering the protein to a human or animal are provided. The protein and anti -protein 
antibodies are useful as research or diagnostic reagents for the detection of the Plasmodium 

10 species P. falciparum in a biological sample. When administered to human or nonhuman 
animals, the protein is effective against malaria by conferring immunogenicity or immunity 
against various stages in the life cycle of the malarial parasite P. falciparum. 

The antigenic recombinant protein is prepared by constructing a gene that encodes 
stage-specific antigenic determinants. The gene is added to a vector and is then expressed 

15 in a suitable expression system, such as a baculovinis system, to produce a single protein 
that confers immunity against different stages in the malarial life cycle of P. falciparum, or 
provides immunogenicity against epitopes from different stages in the life cycle of the 
parasite. In the present invention, these stages are the sporozoite stage, the liver stage, the 
blood stage and the sexual stage (also known as the gametocyte stage). By using a 

20 combination of antigens or epitopes derived from different stages in the life cycle of a 
malarial parasite, the protein constitutes an efficacious, cost-effective, and sustainable 
multicomponent vaccine for use in m£ilaria control programs. The protein, in a 
pharmaceutically acceptable carrier, specifically provides a multivalent and multistage 
vaccine for malaria caused by the parasite P, falciparum. 

25 The immunogenic regions of the various stage-specific antigens of P. falciparum 

used to construct the gene encoding the antigenic recombinant protein are selected based on 
immune response studies in clinically immune adults and in vitro immune response studies 
using peptides and/or antibody reagents. The resulting synthetic gene is sequence- 
confirmed and expressed in a baculovirus expression system. The preferred antigenic 

30 fragments used to make the coding sequences used in construction of the gene are shown 
in Table 1. The nucleotide sequence of the preferred gene is shown in SEQ ID NO:l. The 
amino acid sequence of the preferred recombinant protein encoded by the gene, referred to 
herein as CDC/NIIMALVAC-1, is shown in SEQ ID NO. 2. The recombinant protein in a 
pharmaceutically acceptable carrier is useful as a multivalent, multistage vaccine for P, 

35 falciparum malaria. 

The vaccine described herein is a cost-effective, health-promoting intervention for 
controlling, preventing or treating the incidence of malaria. The vaccine is useful for 
reducing sickness, morbidity, mortality and the cost of medical care throughout the world. 



wo 00/11179 



PCT/US99/18869 



Similarly, the vaccine is useful for preventing or reducing malarial infection in U.S. 
citizens and military personnel traveling or living in regions of the world where malaria is 
present. The vaccine is also useful for decreasing the severity of the malarial disease 
process when administered after initial infection with P. falciparum, 
5 The vaccine is immunogenic as confirmed by its ability to elicit immune responses 

against both the vaccine protein and the P. falciparum parasite. In vitro tests of protection 
conferred by the vaccine against blood stage malarial parasites reveal that antibodies 
against this vaccine inhibit reproductive growth of P, falciparum. The vaccine also 
induces multiple layers of inrmiunity to different stages in the parasitic life cycle of P, 
10 falciparum. 

It is therefore an object of the present invention to provide a multivalent, multistage 
vaccine against malaria. 

Another object of the present invention is to provide a multivalent, multistage 
vaccine against malaria caused by P. falciparum, 
15 Yet another object of the present invention is to provide a vaccine against malaria 

that is effective in inhibiting reproductive growth of the parasite within a human or animal 
after initial infection. 

Still another object of the present invention is to provide a gene useful as a DNA 
vaccine, or for production of a recombinant protein in various expression systems, the 
20 recombinant protein containing antigenic epitopes to various stages of a malarial 
Plasmodium species, particularly P, falciparum. 

Another object of the present invention is to provide a vector comprising a gene 
useful for production of a recombinant protein in various expression systems, the protein 
containing antigenic epitopes to various stages of a malarial Plasmodium species, 
25 particularly P. falciparum. This vector may be used for a variety of purposes including but 
not limited to administration to animals and humans, and for transfection of cells. 

Yet another object of the present invention is to provide a recombinant protein 
containing antigenic epitopes to various stages of P. falciparum that may be used as a 
reagent or a multivalent, multistage antimalarial vaccine. 
30 It is another object of the present invention to provide a method for conferring 

immunity against different stages in the life cycle of the malarial parasite, P. falciparum. 

Another object of the present invention is to provide a method of vaccination 
against malaria caused by infection with P. falciparum. 

It is another object of the present invention to provide a method to reduce morbidity 
35 and mortality associated with malarial infection by preventing malarial infection and also 
ameliorating the morbidity and mortality associated with malaria after initial infection with 
the parasite, P, falciparum. 
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Another object of the present invention is to provide antibodies against a 
recombinant protein containing antigenic epitopes to various stages of P. falciparum, that 
are useful as research or diagnostic reagents for the detection and nneasurement of P. 
falciparum in a biological sample. 
5 Yet another object of the present invention is to provide a more effective, simpler 

and economical vaccine for conferring immunogenicity to different stages in the life cycle 
of P. falciparum than prior art vaccines. 

An advantage of the anti-malaria vaccine of the present invention is that it confers 
immunogenicity against several stages or all stages in the life cycle of P. falciparum with 
10 administration of a single vaccine, as opposed to multiple injections for each stage of the 
life cycle of the parasite. 

These and other objects, features and advantages of the present invention will 
become apparent after a review of the following detailed description of the disclosed 
embodiments. 

15 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 is a schematic map of the synthetic gene encoding production of the 
recombinant protein CDC/NIIMALVAC-1. Lx)cations of epitopes in CDC/NIIMALVAC-1 
are indicated by the codes which correspond to codes in Table 1. 

20 Figure 2 is a flow chart revealing the strategy employed in the synthesis of the gene 

encoding production of the recombinant protein CDC/NIIMALVAC-1. 

Figure 3 is a graph showing antibody responses in sera as measured by ELISA. 
Rabbits were immunized with purified CDC/NIIMALVAC-1 using different adjuvant 
formulations at weeks 0, 3, 6, 9 as indicated by arrows. Antibody responses to 

25 CDC/NDMALVAC-l in the sera from rabbits receiving Freund's adjuvant (open 
diamond), copolymer (solid square), and aluminum hydroxide (open circle) as adjuvant 
were measured. Titers were determined based on the highest dilution of the samples that 
generated an optical density (OD) greater than the cutoff value (mean plus three standard 
deviations of pre-immunization sera). ODs lower than the cutoff value at 1:50 dilution 

30 were considered negative responses. 

Figure 4 is a graph showing binding of IgGs. Purified antibodies at concentration 
of 50 |Lig/ml were presented at 5 jxl/min to a BIAcore sensor cell loaded with 
CDC/NIIMALVAC-1 protein. A chart on top left represents initial velocities of association 
(450-500 sec). 

35 Figure 5 is a graph showing the antibody response (antibody titer, log scale) to 

CDC/NIIMALVAC-1 in inbred mice of different genetic backgrounds as a function of time 
in days after the first immunization. Shown are C57 mice receiving alum (solid diamond) 
or copolymer (open square), BIO.BR mice receiving alum (solid triangle) or copolymer 
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(open circle), B10.D2 mice receiving alum (solid square) or copolymer (closed circle). 
All mice received a booster injection at 14 days. 

DETAILED DESCRIPTION OF THE INVENTION 
5 An antigenic recombinant protein containing immunogenic malarial epitopes from 

different stages of the malarial parasite life cycle; a method of making the protein, 
including a genetic construct from which the protein is produced; antibodies to the protein; 
a phamiaceutical composition containing the protein, useful as a malarial vaccine; and a 
method for treating, preventing or reducing malarial infection by administering the 

10 composition to a human or animal are described herein. The genetic construct includes 
coding sequences for different peptide fragments obtained from different stages in the life 
cycle of a malarial parasite, preferably P. falciparum. The genetic construct also includes 
epitopes chosen to enhance recognition by cells of the immune system of the protein 
expressed from the genetic construct. A preferred genetic construct includes coding 

15 sequences for a signal peptide, for a polyhistidine sequence useful for purification of the 
protein, a universal T-helper epitope, and at least one epitope from each stage in the life 
cycle of P. falciparum. The preferred genetic construct has the nucleotide sequence of 
SEQ ID NO:l, or a nucleotide sequence having conservative nucleotide substitutions, as 
defined in the definitions, that do not significantly alter the function of the expressed 

20 recombinant protein in an adverse manner. 

The genetic construct is expressed in an expression system, such as a baculovirus 
expression system, to produce a recombinant protein. The preferred protein is the protein 
referred to herein as CDC/NIIMALV AC- 1 , which has the amino acid sequence set forth in 
SEQ ID NO: 2, or an amino acid sequence having amino acid substitutions as defined in the 

25 definitions that do not significantly alter the function of the recombinant protein in an 
adverse manner. The protein is combined with a pharmaceutical carrier and is used as a 
multivalent vaccine to confer immunity to the different stages in the life cycle of the 
malarial parasite, P. falciparum, when combined with a pharmaceutically acceptable carrier 
and administered in an effective amount to a human or animal. The present invention 

30 specifically provides a multivalent and multistage vaccine useful for preventing and treating 
malaria caused by P. falciparum. The present invention also provides polyclonal and 
monoclonal anti-protein antibodies produced after immunization with the recombinant 
protein which are useful, as is the protein, as research or diagnostic reagents in an assay 
for the detection or monitoring of malarial infection, peirticularly to detect malarial infection 

35 caused by P. falciparum. The antibodies are also useful for inducing passive 
immunization. Some of these results have been published by Shi et aL, Proc. Natl. Acad, 
Sci, USA 96:1615-1620, the entirety of which is herein incorporated by reference. 
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Definitions 

The terms "a", "an" and "the" as used herein are defined to mean one or more and 
include the plural unless the context is inappropriate. 

The term "multivalent" as used herein is defined to mean more than one epitope. 
5 The term "multistage" as used herein is defined to mean more than one stage in the 

life cycle of P. falciparum. These stages include the sporozoite stage, the liver stage, the 
blood stage and the sexual stage. 

"Peptides", "polypeptides" and "oligopeptides" are chains of amino acids (typically 
L-amino acids) whose alpha carbons are linked through peptide bonds formed by a 

10 condensation reaction between the carboxyl group of the alpha carbon of one amino acid 
and the amino group of the alpha carbon of another amdno acid. The terminal amino acid at 
one end of the chain (z.e., the amino terminal) has a free amino group, while the temiinal 
amino acid at the other end of the chain (i.e., the carboxy terminal) has a free carboxyl 
group. As such, the term "amino terminus" (abbreviated N-terminus) refers to the free 

15 alpha-amino group on the amino acid at the amino terminal of the peptide, or to the alpha- 
amino group (imino group when participating in a peptide bond) of an amino acid at any 
other location within the peptide. Similarly, the term "carboxy terminus" (abbreviated C- 
terminus) refers to the free carboxyl group on the amino acid at the carboxy terminus of a 
peptide, or to the carboxyl group of an amino acid at any other location within the peptide. 

20 Typically, the amino acids making up a peptide are numbered in order, starting at 

the amino terminal and increasing in the direction toward the carboxy terminal of the 
peptide. Thus, when one amino acid is said to "follow" another, that amino acid is 
positioned closer to the carboxy terminal of the peptide than the preceding amino acid. 

The term "residue" is used herein to refer to an amino acid (D or L) or an amino 

25 acid mimetic that is incorporated into a peptide by an amide bond. As such, the amino acid 
may be a naturally occurring amino acid or, unless otherwise limited, may encompass 
known analogs of natural amino acids that function in a manner similar to the naturally 
occurring amino acids (i.e., amino acid mimetics). Moreover, an amide bond mimetic 
includes peptide backbone modifications well known to those skilled in the art. 

30 Furthermore, one of skill in the art will recognize that individual substitutions, 

deletions or additions in the amino acid sequence of the protein, or in the nucleotide 
sequence encoding for the amino acids in the protein, which alter, add or delete a single 
amino acid or a small percentage of amino acids (typically less than 5%, more typically 
less than 1%) in an encoded sequence are conservatively modified variations, wherein the 

35 alterations result in the substitution of an amino acid with a chemically siniilar amino acid. 
Conservative substitution tables providing functionally similar amino acids are well known 
in the art. The following six groups each contain amino acids that are conservative 
substitutions for one another: 
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1) Alanine (A), Serine (S), Threonine (T); 

2) Aspartic acid (D), Glutamic acid (E); 

3) Asparagine (N), Glutamine (Q); 

4) Arginine (R), Lysine (K); 

5 5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V); and 
6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W). 

Antigenic Peptide Production 

When the antigenic epitope peptides are relatively short in length (i.e., less than 

10 about 50 amino acids), they are often synthesized using standard chemical peptide 
synthesis techniques. Solid phase synthesis, in which the C-terminal amino acid of the 
sequence is attached to an insoluble support followed by sequential addition of the 
remaining amino acids in the sequence, is a preferred method for the chemical synthesis of 
the antigenic epitopes described herein. Techniques for solid phase synthesis are known 

15 to those skilled in the art. 

Alternatively, the antigenic epitopes described herein are synthesized using 
recombinant nucleic acid methodology. Generally, this involves creating a nucleic acid 
sequence that encodes the peptide or polypeptide, placing the nucleic acid in an expression 
cassette under the control of a particular promoter, expressing the peptide or polypeptide in 

20 a host, isolating the expressed peptide or polypeptide and, if required, renaturing the 
peptide or polypeptide. Techniques sufficient to guide one of skill through such 
procedures are found in the literature. 

While the antigenic epitopes are often joined directly together, one of skill will 
appreciate that the antigenic epitopes may be separated by a spacer molecule such as, for 

25 example, a peptide, consisting of one or more amino acids. Generally, the spacer will 
have no specific biological activity other than to join the antigenic epitopes together, or to 
preserve some minimum distance or other spatial relationship between them. However, 
the constituent amino acids of the spacer may be selected to influence some property of the 
molecule such as the folding, net charge, or hydrophobicity. 

30 Once expressed, recombinant peptides, polypeptides and proteins can be purified 

according to standard procedures known to one of skill in the art, including ammonium 
sulfate precipitation, affinity purification through columns or other methods commonly 
known, column chromatography, gel electrophoresis and the like. Substantially pure 
compositions of about 50 to 95% homogeneity are preferred, and 80 to 95% or greater 

35 homogeneity are most preferred for use as therapeutic agents. 

One of skill in the art will recognize that after chemical synthesis, biological 
expression or purification, the antigenic peptide epitopes, polypeptides and proteins may 
possess a conformation substantially different than the native conformations of the 
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constituent peptides. In this case, it is often necessary to denature and reduce the 
polypeptide and then to cause the polypeptide to refold into the preferred conformation. 
Methods of reducing and denaturing proteins and inducing refolding are well known to 
those of skill in the art. 

5 

Recombinant Protein Production 

The method of producing the recombinant protein CDC/NIIMALVAC-1 involves 
the following steps: 1) selecting antigenic components, preferably antigenic peptides, from 
different stages in the life cycle of P. falciparum, that are involved in conferring 
10 immunologic protection; 2) optionally selecting a signal peptide sequence, such as melittin, 
optionally selecting other protein or peptide epitopes useful as T-cell helpers such as 
tetanus toxoid, and optionally selecting protein or peptide epitopes from P, falciparum 
involved in T-cell and B-cell recognition; 3) generating gene fragments comprised of 
nucleotide sequences that are complementary to the selected protein fragments; 4) 
15 assembling the gene fragments to create a gene, preferably a gene having the nucleotide 
sequence of SEQ ID NO:l, that encodes a novel recombinant protein, preferably the 
protein referred to herein as CDC/NIIMALVAC-1 having the amino acid sequence of SEQ 
ID NO:2; 5) cloning the gene into an expression vector so that it may be expressed in an 
expression system; and 6) expressing the recombinant protein in the expression system. 
20 The expressed recombinant protein is then recovered and purified. This protein is 
combined with a pharmaceutically acceptable vehicle or carrier and is administered as a 
multivalent, antimalarial vaccine to humans and nonhuman animals. The vaccine is 
administered in an amount effective to confer immunity against infection caused by P. 
falciparum, and particularly, to confer immunogenicity or immunity against different 
25 stages in the life cycle of P, falciparum. 

Compared to vaccines directed to a single stage in the life cycle of malaria, the 
multivalent and multistage P. falciparum vaccine of the present invention induces multiple 
"layers" of immunity which significantly increase the chances of neutralizing all stages in 
the life cycle of the malaria parasite. The method of the present invention permits 
30 synthesis of a gene that contains coding sequences for several protective/immunodominant 
malarial epitopes of the malarial parasite P. falciparum. 

A potential concern with the design of a synthetic gene encoding multiple epitopes 
is that the tandem arrangement of epitopes in the recombinant protein may induce antigenic 
competition, thus rendering immunizations ineffective in inducing immune responses. As 
35 shown in the examples and figures herein, the results from an immunization study 
involving the administration of CDC/NIIMALVAC-1 to mice and rabbits alleviate this 
concern. CDC/NIIMALVAC-1 is immunogenic. The recombinant protein antigen is 
recognized by antibodies directed against the B-cell epitopes of the construct. The vaccine 
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is also antigenic since the immunization of rodents and rabbits induced antibodies that react 
with the protein vaccine, and also with the sporozoite and infected red blood cells. In 
addition, results of the experiments performed to evaluate the protective effects of 
immunization with CDC/NlIMALVAC-1 show that murine and rabbit antibodies against 
5 CDCVNICMALVAC-l inhibit parasite growth, as determined by the growth inhibition 
assay (GIA) and the antibody-dependent cellular inhibition (ADCI) assay. 

The data set forth in the examples demonstrate that the protein, 
CDC/NIIMALVAC-1, in the multicomponent P. falciparum vaccine, induces "multiple 
layers" of immunity, and that anti-CDC/NHMALVAC-l antibodies recognize different 
10 stages of the life cycle of the malarial parasite. 

Construction of the Recombinant Gene 

Immunogenic regions of various stage-specific antigens are identified by immune 
response studies in clinically immune adults and immune response studies performed in 

15 vitro using peptides and antibody reagents. Short, single-stranded DNA fragments 
complementary to the different epitopes are synthesized by methods known to those skilled 
in the art. Different DNA fragments are annealed to create a synthetic multicomponent 
gene by a three step polymerase chain reaction (PGR) amplification process as shown in 
Figure 2. The principle behind the use of overlapping long oligonucleotides or gene 

20 fragments in the three round PGR procedure is that the sense strand and anti-sense strands 
of the nucleotide sequences are complementary at overlapping regions and act as primers 
after annealing. 

Table 1 presents amino acid sequences of the twelve B-cell and nine T-cell epitopes 
derived from nine stage-specific vaccine candidate antigens of P, falciparum used in the 

25 development of the protein CDC/NIIMALVAC-1. One universal T-cell epitope from 
tetanus toxoid is also incorporated. A sequence for the melittin signal peptide, used for 
enhancement of protein secretion in the baculovirus expression system, is added to the N 
terminus. A sequence of six histidines is inserted immediately C-terminal to the melittin 
signal peptide sequence to facilitate purification of expressed recombinant 

30 CDG/NIIMALVAC-1 on a nickel column. Corresponding nucleotide sequences for the 
melittin signal peptide sequence, the six histidine residues and the epitopes from P. 
falciparum are constructed. Restriction enzyme sites BamYH and Notl are designed at the 
flanking end to facilitate cloning in baculovirus transfer vector. Twelve overlapping single 
stranded oligonucleotides, each 125-145 nucleotides in length and spanning the entire 

35 synthetic gene, are synthesized and the vaccine antigen gene assembled. 

The order of different epitopes is chosen such that the final protein has: 1) a 
random balance of B- and T-cell epitopes; and 2) an overall hydrophilic structure and water 
solubility. The vaccine antigen gene is ligated into a transfer vector, preferably a 
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baculovirus transfer vector, such as pBacPAKS, and the recombinants are used to 
transform host cells such as Escherichia coli XL-Blue component cells. For example, 
lipofectin-mediated transfection and in vivo homologous recombination were used to 
introduce the vaccine antigen gene from pBacPAKS into Autographa califomica nuclear 
5 polyhedrosis virus (AcNPV, strain E2 ) at the polyhedrin locus of the genome. 

The synthetic gene is cloned, and the recombinant virus containing 
CDC/NDMALVAC-l gene produced and grown in confluent monolayer cultures of an 
Sf21 insect cell line. The expressed recombinant protein is then purified, preferably using 
affinity chromatography techniques, and its purity and specificity determined by known 

10 methods. Alternatively, the synthetic gene may be employed as a DNA vaccine. 

A variety of expression systems may be employed for expression of the 
recombinant protein. Such expression methods include, but are not limited to the 
following: bacterial expression systems, including those utilizing E, coli and Bacillus 
subtilis; vaccinia virus systems; yeast expression systems; cultured insect and mammalian 

15 cells; and other expression systems known to one of ordinary skill in the art. 

Purification and Characterization of the Expressed Protein 

The expressed protein contains epitopes from the sporozoite stage, liver stage, 
blood stage and sexual stage (also known as the gametocyte stage) of the malarial parasite 

20 P. falciparum^ as well as a melittin signal peptide, a polyhistidine sequence and an amino 
acid sequence from tetanus toxoid. Although the antigens (epitopes) listed in Example 1 
and Table 1 are the preferred antigens, it is to be understood that other antigens derived 
from these different stages in the life cycle of P. falciparum may be employed and are 
within the scope of the present invention. It is also to be understood that amino acid 

25 substitutions, as described elsewhere herein, may be made for amino acids in the peptide 
epitopes listed in Table 1, and are within the scope of the present invention. The order of 
the arrangement of these epitopes may be important in producing an efficacious 
recombinant protein for use as an antimalarial vaccine against P. falciparum. Various 
arrangements of these epitopes are considered within the scope of the present invention, 

30 provided that the arrangements generate an immune response in the recipient to epitopes 
derived from different stages in the life cycle of P. falciparum, A preferred order of these 
epitopes is presented in Figure 1. The expressed protein, herein referred to as 
CDC/NIIMALVAC-1, is immunogenic when administered in combination with a carrier 
and adjuvants to mice and rabbits. Antibodies produced against the recombinant protein 

35 CDC/NDMALVAC-l recognize epitopes in the sporozoite stage, liver stage, blood stage 
and sexual stage of the malarial parasite P. falciparum. 
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Antibody Production 

The protein is combined with a pharmaceutically acceptable carrier or vehicle to 
produce a pharmaceutical composition, and is administered to animals for the production 
of polyclonal antibodies. The preferred animals for antibody production are rabbits and 
5 mice. Other animals may be employed for immunization with the recombinant protein. 
Such animals include, but are not limited to the following; sheep, horses, pigs, donkeys, 
cows, monkeys and rodents, such as guinea pigs, and rats. Monoclonal antibodies can 
then be produced using hybridoma technology in accordance with methods well known to 
those skilled in the art, as taught by Mason et aL (Techniques in Immunocytochemistry, 

10 Vol. 2, Bullock & Petrusz eds., Academic Press, pp. 175-216, 1983). The antibodies are 
useful as research or diagnostic reagents or can be used for passive immunization. The 
pharmaceutical composition used for generation of antibodies may contain an adjuvant. 

The antibodies useful as research or diagnostic reagents may be employed for 
detection of malarial infection in a biological sample, especially infection caused by P. 

15 falciparum. Such capability is useful for early detection of disease so that the vaccine may 
be administered to ameliorate disease progression. This capability is also useful for 
detecting the malarial parasite in the blood, especially blood collected for blood banks, so 
that malarial transmission through this mode is reduced or eliminated. Other biological 
samples which can be examined for infection are samples of human and animal livers, and 

20 also mosquitoes. Detection may be achieved through the use of ELISA, 
radioimmunoassay or other assays or methods as commonly known to one of ordinary 
skill in the art. 

The CDC/NUMALVAC-l protein may be labeled through commonly known 
isotopic and non-isotopic methods, including but not limited to the following: 
25 radiolabehng, biotin-avidin, fluorescent molecules, chemiluminescent molecules and 
systems, ferritin, colloidal gold, and other methods known in the art of labeling proteins. 
The anti-CDC/NIIMALVAC-1 antibodies may be used in combination with labeled 
CDC/NIIMALVAC-1 protein to detect epitopes in P. falciparum. 

The anti-CDC/NIIMALVAC-1 antibodies may also be administered directly to 
30 humans and animals in a passive immunization paradigm to confer immunity in the 
recipient to malaria. 

Method of Administration 

The protein is combined with a pharmaceuticeilly acceptable carrier or vehicle for 
35 administration as a vaccine to humans or animals. The terms "pharmaceutically acceptable 
carrier" or "pharmaceutically acceptable vehicle" are used herein to mean any liquid 
including, but not limited to, water or saline, a gel, salve, solvent, diluent, fluid ointment 
base, liposome, micelle, giant micelle, and the like, which is suitable for use in contact 



wo 00/11179 



13 



PCT/US99/18869 



with living animal or human tissue without causing adverse physiological responses, and 
which does not interact with the other components of the composition in a deleterious 
manner. 

The vaccine formulations may conveniently be presented in unit dosage form and 
may be prepared by conventional pharmaceutical techniques. Such techniques include the 
step of bringing into association the active ingredient and the pharmaceutical carrier(s) or 
excipient(s). In general, the formulations are prepared by uniformly and intimately 
bringing into association the active ingredient with liquid carriers. Formulations suitable 
for parenteral administration include aqueous and non-aqueous sterile injection solutions 
which may contain anti-oxidants, buffers, bacteriostats and solutes which render the 
formulation isotonic with the blood of the intended recipient; and aqueous and non- 
aqueous sterile suspensions which may include suspending agents and thickening agents. 
The formulations may be presented in unit-dose or multi-dose containers, for example, 
sealed ampules and vials, and may be stored in a freeze-dried (lyophilized) condition 
requiring only the addition of the sterile hquid carrier, for example, water for injections, 
immediately prior to use. Extemporaneous injection solutions and suspensions may be 
prepared from sterile powders, granules and tablets commonly used by one of ordinary 
skill in the art. 

Preferred unit dosage formulations are those containing a dose or unit, or an 
appropriate fraction thereof, of the administered ingredient. It should be understood that in 
addition to the ingredients particularly mentioned above, the formulations of the present 
invention may include other agents commonly used by one of ordinary skill in the art. 

The vaccine may be administered through different routes, such as oral, including 
buccal and sublingual, rectal, parenteral, aerosol, nasal, intramuscular, subcutaneous, 
intradermal, and topical. The vaccine may be administered in different forms, including 
but not limited to solutions, emulsions and suspensions, microspheres, particles, 
microparticles, nanoparticles, and liposomes. It is expected that from about 1 to 5 dosages 
may be required per immunization regimen. Initial injections may range from about 1 iig 
to 1 mg, with a preferred range of about 10 |xg to 800 fig, and a more preferred range of 
from approximately 25 fig to 500 fig. Booster injections may range from 1 ^ig to 1 mg, 
with a preferred range of approximately 10 fig to 750 fig, and a more preferred range of 
about 50 |ig to 500 fig. 

The volume of administration will vary depending on the route of administration. 
Intramuscular injections may range from about 0.1 ml to 1.0 ml. 

The vaccine may be stored at temperatures of from about 4°C to -lOO^C. The 
vaccine may also be stored in a lyophilized state at different temperatures including room 
temperature. The vaccine may be sterilized through conventional means known to one of 
ordinary skill in the art. Such means include, but are not limited to filtration, radiation and 
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heat. The vaccine may also be combined with bacteriostatic agents, such as thimerosal, to 
inhibit bacterial growth. 

Vaccination Schedule 

5 The vaccine of the present invention may be administered to humans, especially 

individuals traveling to regions where malaria is present, and also to inhabitants of those 
regions. The optimal time for administration of the vaccine is about one to three months 
before the initial infection. However, the vaccine may also be administered after initial 
infection to ameliorate disease progression, or after initial infection to treat the disease. 

10 

Adjuvants 

A variety of adjuvants known to one of ordinary skill in the art may be 
administered in conjunction with the protein in the vaccine composition. Such adjuvants 
include, but are not limited to the following: polymers, co-polymers such as 

15 polyoxyethylene-polyoxypropylene copolymers, including block co-polymers; polymer 
P1005; Freund's complete adjuvant (for animals); Freund's incomplete adjuvant; sorbitan 
monooleate; squalene; CRL-8300 adjuvant; alum; QS 21, muramyl dipeptide; CpG 
oligonucleotide motifs and combinations of CpG oligonucleotide motifs; trehalose; 
bacterial extracts, including mycobacterial extracts; detoxified endotoxins; membrane 

20 lipids; or combinations thereof. 

It will be appreciated that other embodiments and uses will be apparent to those 
skilled in the art and that the invention is not limited to these specific illustrative examples. 

Example 1 

25 Development, Synthesis and Cloning of the CDC/NIIMALVAC-1 Gene 

A recombinant multivalent and multistage vaccine against P. falciparum was 
designed to contain the secretory mehttin signal peptide sequence, six histidine (His) 
residues for purification of the protein, one tetanus toxoid universal T-helper epitope, and 
21 immunogenic peptide epitopes (12 B-cell epitopes and 9 T-cell epitopes) from the CSP, 

30 Pfg27, SSP-2, LSA-1, MSP-1, MSP-2, AMA-1, EBA-175, and RAP-1 vaccine antigens 
(see Table 1 and SEQ ID NOS:l-26). These malarial peptide epitopes were obtained from 
different stages of the life cycle of P, falciparum including the following stages: the 
sporozoite stage (CSP and SSP-2); liver stage (LSA-1); blood stage (MSP-1, MSP-2, 
AMA-1, EBA-175, and RAP-1); and sexual stage (Pfg27). The peptide epitopes of the 

35 CSP, LSA-1, MSP-1, AMA-1, and RAP-1 were identified through vaccine-related field 
studies in western Kenya, where the genetic diversity of candidate vaccine trntigen genes 
and the characteristics of naturally acquired protective immunity against malaria were being 
investigated. The epitopes for the Pfg27, MSP-2, EBA-175, and SSP-2 were identified as 



wo 00/11179 



15 



PCT/US99/18869 



involved in conferring protection. The synthetic gene (SEQ ID NO:l) encoding for the 
recombinant protein was assembled, cloned, and expressed in a baculovirus system. The 
recombinant gene encoded for a recombinant protein referred to herein as 
CDC/NIIMALVAC-1 having the sequence of SEQ ID NO:2. 
5 A schematic map shown in Figure 1 provides the locations of epitopes in 

CDC/NHMALVAC-l indicated by the codes corresponding to the codes in Table 1. The 
rationale of the arrangement of the immune epitopes reflects a random balance of position 
of B cell and T cell epitopes. Corresponding nucleotide sequences for the melittin signal 
peptide sequence, the six histidine residues and the epitopes from P, falciparum were 

10 constructed. The nucleotides shown adjacent to melittin and adjacent to P 599 in Figure 1 
are start and stop codons. Restriction enzyme sites BantHl and Not I were designed at the 
flanking end to facilitate cloning in baculovirus transfer vector. Twelve overlapping single 
stranded oligonucleotides, each 125-145 nucleotides in length and spanning the entire 
synthetic gene, were synthesized, and the gene encoding for the vaccine antigen was 

15 assembled. 

The vaccine antigen gene was ligated into a baculovims transfer vector, 
pBacPAKS, and the recombinants were used to transform Escherichia coli XL-Blue 
component cells. Lipofectin-mediated transfection and in vivo homologous recombination 
were used to introduce vaccine antigen gene from pBacPAKS into Autographa califomica 

20 nuclear polyhedrosis virus (AcNPV, strain E2) at the polyhedrin locus of the genome. 

The strategy for constructing the gene encoding for CDC/NIIMALVAC-1 
described in this example is shown in Figure 2. Twelve long overlapping single-strand 
oligonucleotides, spanning the full length of gene, were synthesized and assembled 
through a three step PCR to generate a 1053 base pair gene. The PCR cycles used in each 

25 step are indicated in Figure 2. 
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Table 1 

Epitope locati n, amino acid sequences and epitope-specific antibody responses to 

CDC/NIIMALVAC-1' 



2 

Antigens 


Epitope 

2 

codes 


Sequences and SEQ ED 
Nos. 


Stage* 


Epitopes 


Epitope- 
specific 
antibody 
response^ 
in rabbit 


Melittin 

signal 

peptide 


Melittin 


MKFLVNVALVFMV 

VYISYIYAD 

SEQ ID NO:25 


n.a.' 


n.a. 


n.a. 


oX His 


OA His 


SEQ ID NO:26 


n.a. 


n.a. 


n.a. 


CSP 


P592 


KHKKLKQPGDGNP 
SEO ID NO- 5 


S 


B 


Neg 


SSP-2 


P547 


WSPCSVTCG 
SEQ ID NO: 8 


S 


B 


Neg 


CSP 


P593 


KPKDELDYENDIEK 
KICKMEKCS 

SEQ ID NO:6 


S 


CTL 


High 


CSP 


P594 


DIEKKICKMEKCSS 
VFNWNS 

SEQ ID NO:7 


S 


CS.T3 


Medium 


MSP-1 


P597 


NSGCFRHLDEREEC 
KCLL 

SEQ ID NO: 11 


B 


B 


Low 


MSP-1 


P598 


EDSGSNGKKITCEC 
TKPDS 

SEQ ID NO: 12 


B 


B 


Neg 


LSA-1 


P595 


KPIVQYDNF 
SEQ ID NO:9 


L 


CTL 


Medium 


CSP 


P519 


NANPNANPNANP 
SEQ ID NO:4 


S 


B 


High 


AMA-1 


P600 


DGNCEDIPHVNEFS 
AIDL 

SEQ ID NO: 16 


B 


B 


High 


AMA-1 


P601 


GNAEKYDKMDEPQ 
HYGKS 

SEQ ID NO: 17 


B 


B 


Medium 
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RAP-l 


P545 


LTPLEELY 
SEQ ID NO:21 


B 


B 


Medium 


LSA-1 


P596 


KPNDKSLY 
SEQ ID NO: 10 


L 


CTL 


Neg 


P2, TT 
tetanus 
toxoid 


P589 


QYIKANSKFIGITEL 
SEQ ID NO: 24 


tetanus 
toxoid 


T 


Neg 


MSP-2 


P543 


SNTFINNA 
SEQ ID NO: 14 


B 


B 


Neg 


MSP-2 


P544 


GQHGHMHG 
SEQ ID NO: 15 


B 


B 


Neg 


i-iJJ/Tt J. 1 •J 




NEREDERTLTKEYE 

A ~ X-*A> 1^1 ^ J^X^ X X 1^ X X^ 

DIVLK 

SEQ ID NO: 20 


B 


B 


Low 


AMA- 1 


P603 


EFTYMINFGRGONY 
WEHPYQKS 

SEQ ID NO: 19 


B 


T 


Low 


AMA-1 


P602 


DQPKQYEQHLTDYE 
KIKEG 

SEQ ID NO: 18 


B 


T 


Low 




PSQ 1 


KPLDKFGNIYDYHY 

XXX 1 «l ^XVX VJl ^X X X X X X 

EH 

SEQ ID NO: 3 


G 


B 


Low 


RAP-l 


P604 

X \j\j'~r 


SSPSSTKSSPSNVKS 
AS 

SEQ ID NO:22 


B 


T 


Low 


RAP-l 


P605 


LATRLMKKFKAEIR 
DFF 

SEQ ID NO:23 


B 


T 


Neg 


MSP-1 


P599 


GISYYEKVLAKYKD 
DLE 

SEQ ID NO: 13 


G 


T 


Neg 



10 



indicated by the codes. A melittin signal peptide sequence and 6 histidine residues were 
incorporated at N-terminus. 

2: Abbreviations: CSP, circumsporozoite protein; SSP-2, sporozoite surface protein-2; LSA- 
1, liver stage antigen- 1; MSP-1. merozoite surface protein- 1; MSP-2, merozoite surface 
protein-2; AMA-1, apical membrane antigen-1; EBA-175, erythrocyte binding antigen-175; 
RAP-l, rhoptry associated protein- 1; Pfg27, gametocyte 27 kDa antigen. 
3: In the column entitled "Stage", B represents Blood stage, L represents Liver stage, S 
represents Sporozoite stage, G represents gametocyte stage 

4: For epitope-specific antibody response, titers were determined based on the highest 
dilution of the samples which generate an optical density (OD) greater than the cutoff value 
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(mean plus 3 standard deviations of preimmunization sera). ODs lower than cutoff at 1:50 
dilution were considered a negative response. High response: titers are higher than 
1:10,000; medium response: titers are 1:1,000-1:10,000; and low response: titers are 1:50- 
1:1,000. 
5 5: n.a. not applicable 

Example 2 

Expression of the Recombinant Protein in a Baculovirus System and Purification of the 
Protein Antigen 

10 The synthetic gene described in Example 1 was cloned and the recombinant virus 

containing the CDC/NIIMALVAC-1 gene was produced and grown in confluent 
monolayer cultures of Sf21 insect cell line, as described by Chatterjee, U. et ah, (1996) 
Gene 171:209-213. The synthetic gene is approximately 1053 bp as determined on an 
agarose gel with corresponding DNA standards run in another lane. 

15 The baculovirus-expressed, recombinant protein was purified from Sf21 cells at 72 

hours postinfection using TALON metal affinity resin according to the manufacturer's 
instructions (Clonetech, Palo Alto, CA). The purity and specificity of the expressed 
recombinant protein were determined by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) and Western blot analysis. The results show that expression 

20 of the synthetic gene in the baculovirus expression vector system produced a 42 kD protein 
referred to herein as CDC/NIIMALVAC-1. 

Example 3 

Immunization of Rabbits against the Expressed Protein and Demonstration of 
25 Immunoreactivity against Different Stages in the Life Cycle ofF, falciparum 

As described in Example 2, the baculovirus-expressed recombinant protein was 
purified from cell pellets harvested 72 hours after infection. The expressed protein 
CDC/NIIMALVAC-1 was purified on nickel affinity column to bind the polyhistidine 
residues near the N-terminus of the protein using TALON metal affinity resin according to 
30 manufacturer's instructions. The purity and specificity of protein was determined by 
sodium dodecyl sulfate polyacrylamide gel electrophoresis as described in Example 2. The 
isolated protein was characterized, using chromatographic techniques, as approximately 42 
kD in size. 

Six to eight week old mice were immunized intraperitoneally with 50 fig per dose 
35 of purified CDC/NIIMALVAC-1 protein in Freund's complete adjuvant. Booster 
immunizations of mice were 25 fig per dose of purified CDC/NIIMALVAC-1 protein in 
Freund's incomplete adjuvant. A total of 4 immunizations were given to each mouse at 3- 
week intervals (i.e., at weeks 0, 3, 6, and 9), blood was removed and sera were collected 
7 to 10 days after each immunization until weeks 33-51. Sera were stored at -20°C. The 
40 sera from mice were used in the antibody and immunofluorescence (IFA) assays. 
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Four-month-old female New Zealand white rabbits (Jackson Laboratory, Bar 
Harbor, ME) were immunized intramuscularly with 100 fig per dose of purified 
CDC/NIIMALVAC-1 protein in vehicle. One rabbit was immunized with the protein in 
Freund's adjuvant (rabbit 787). Another rabbit was immunized with the protein in a 
5 potentially human-usable adjuvant, specifically the nonionic block copolymer PI 005 in 
water-in-oil emulsion (rabbit 789). Another rabbit was immunized with the protein in the 
human usable adjuvant, aluminum hydroxide (rabbit 1015). A total of 4 immunizations 
were given to each rabbit at 3-week intervals (i.e., at weeks 0, 3, 6, and 9), blood was 
removed and sera were collected 7 to 10 days after each immunization until weeks 33-51. 
10 Sera were stored at -20''C, The sera from rabbits were used in the antibody and IFA 
assays. 

Sera collected from the blood of each rabbit during weeks 10 to 16 were pooled 
and total IgGs were purified using ammonium sulfate (Sigma Chemical Co., St. Louis, 
MO) precipitation followed by DEAE (Pierce, Rockford, EL) batch purification according 

15 to known methods as taught by HoUingdale, M.R. et a/., (1984) J, ImmunoL 132, 909- 
913. Following dialysis against PBS, the purified antibodies were used for 
immunoelectron microscopy, antibody affinity testing, and in an in vitro protection assay 

Serum antibody titers against the vaccine antigen and individual peptide epitopes 
were quantitated by ELISA. Microtiter plates were coated with the vaccine antigen or 

20 peptides in borate buffer solution (BBS) overnight at 4"C and then blocked with BBS 
containing 5% nonfat lyophilized milk. The plates were washed four times with sodium 
phosphate-buffered saline (PBS, pH 7.4) containing 0.5 M NaCl, 0.5% bovine serum 
albumin, 0.0005% Tween 20, and 0.05% thimerosal (PBS-T). The rabbit sera were 
diluted serially in PBS-T containing 1.5% nonfat milk, added into microtiter plates, and 

25 incubated at room temperature for 1 hour. The unbound antibodies were removed by four 
washes with PBS-T. Bound antibodies were detected with peroxidase-conjugated goat 
anti-rabbit antibodies. The secondary antibody was allowed to bind for 1 hour, the wells 
were washed with PBS-T, 100 ^il of 3,3',5,5*-tetramethylbenzidine was added, and 10 
minutes later the reaction was stopped with IM phosphoric acid. The plates were read at 

30 an absorbance of 450 nm. Responses against sporozoites, asexual blood-stage parasites, 
and gametocytes were determined by indirect immunofluorescence (IFA). All immunized 
rabbits had high and comparable IFA titers against sporozoites (1:3,200). IFA titers 
against infected erythrocytes were in the range of 1:50-1:400, with the highest titers 
observed in the rabbit receiving copolymer as adjuvant. The reactivity with gametocytes 

35 showed IFA titers of 1 : 25 to 1 : 100. 

The CDC/NIIMALVAC-1 protein was found to be immunogenic as confirmed by 
its ability to elicit inunune responses against both CDC/NIIMALVAC-1 and different 



wo 00/11179 20 PCT/US99/18869 

Stages in the life cycle of the P, falciparum parasite. Antibody was purified from the rabbit 
innmunized with CDC/NIIMALVAC-1 in copolymer adjuvant. 

The immunoreactivity of this purified rabbit antiserum against antigens present in 
the different stages of the life cycle of the malarial parasite, P, falciparum, was evaluated 
5 using ultrastructural inimunocytochemistry. To study ultrastructural localization of 
antibody reactivities with various stages of P. falciparum, sporozoite, exoerythrocytic 
(EE)-infected hepatocyte, gametocyte stage III-IV, and asexual blood stage parasites were 
chosen for immunoelectron microscopy. Briefly, sections were incubated for 24 hours at 
4°C with antibody diluted 1:800 for determination of reactivity with sporozoites, or with 

10 antibody diluted 1:200 for determination of reactivities with other stages of parasites. This 
step was followed by 1 hour incubation at 25°C with gold-labeled, goat anti-rabbit IgG 
antibody. Method specificity was confirmed by incubating control sections with 
preimmune rabbit serum instead of the primary antibody, with the colloidal gold probe, or 
with colloidal gold alone. Immunoreactivities of antibodies with parasites were examined 

15 in a Zeiss CEM902 electron microscope as taught by Aikawa, M. & Atkinsen, C.T. 
(1990) Arfv. Parasitol 29, 151-214. 

Immunoelectron micrographs of different stages in the life cycle of the F. 
falciparum parasite demonstrated that the rabbit antiserum from rabbit 789, which received 
copolymer as adjuvant, contained antibodies which were immunoreactive to the sporozoite 

20 stage, blood stage, gametocyte stage III-IV, and asexual blood stage. Gold particles were 
found on the surface and in the cytoplasm of the sporozoite, in the parasitophorous 
vacuole membrane (PVM) and cytoplasm of blood stage, in the cytoplasm in the 
gametocyte stage III-IV, in rhoptry and surface of merozoite of the blood stage and in the 
cytoplasm of trophozoite of the blood stage. There was no observed immunoreactivity 

25 against these stages using purified IgG from a normal control rabbit instead of the purified 
immune serum from the immunized rabbit. 



Immunogenicity of the Multicomponent P. falciparum Vaccine 

Antibody titers against the vaccine antigen CDC/NIIMALVAC-1 and peptides 

30 complementary to 22 immune epitopes (Table 1) were measured by ELISA after each 
immunization until week 51 for rabbit 787 (Freund's adjuvant), week 39 for rabbit 789 
(copolymer adjuvant), and week 33 for rabbit 1015 (alum adjuvant). Figure 3 shows that 
the vaccine antigen induced high titer and prolonged antibody responses against the 
vaccine in rabbits immunized with different adjuvants (1/3,276,800 titer for rabbit 787, 

35 1/819,200 titer for rabbit 789, and 1/204,800 titer for rabbit 1015, after the fourth 
immunization). Overall, the rabbit receiving Freund's adjuvant had higher antibody levels 
to the vaccine antigen compared to those receiving copolymer or alum adjuvants. The 
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antibody responses reached maximal levels after the fourth immunization, remained at high 
levels until weeks 14 to 16, and then decreased 10- to 15-fold between weeks 33 to 51. 

Analysis of epitope-specific antibody responses by ELISA showed that the 
antibodies recognized both B-cell (7 out of 12) and T-cell (6 out of 10) epitopes in this 
5 vaccine. Among the epitope-specific antibody responses, antibody levels against B-cell 
epitopes of CSP (P519), AMA-1 (P600), and CTL epitope of CSP (P593), were 
significantly higher than antibody levels to other epitopes. Like antibody responses to the 
whole vaccine antigen, the antibody titer against these epitopes was also higher in rabbits 
receiving vaccine with Freund's adjuvant and copolymer adjuvant than those receiving 

10 vaccine with alum as adjuvant. Medium-to-low antibody responses to other epitopes were 
observed. Medium-level antibody responses were observed against the B-cell epitopes of 
AMA-1 and RAP-1 (P601 and P545), and T-cell epitopes of CSP and LSA-1 (P594 and 
P595). Low-level antibody responses were detected against B-cell epitopes of EBA-175, 
MSP-1 and Pfg27 (P546, P597, and P591), and T-cell epitopes of AMA-1 and RAP-1 

15 (P602, P603 and P604). 

The binding affinities of the vaccine-elicited antibodies to the vaccine antigen itself 
were investigated in a Biacore assay employing a surface-plasmon resonance detector 
(Biacore, Inc., Piscataway, NJ). Purified vaccine antigen was covalently immobilized in a 
"Cr* (short-chain carboxymethyl-dextran) sensor cell by standard carbodiimide/N- 

20 hydroxysuccinimide methods. Mobile-phase analyte consisted of purified IgG 
preparations diluted to 50 fig of protein per ml in 10 mM HEPES buffer, pH 7.4, plus 150 
mMNaCl. After establishing a stable baseline signal with buffer, the association reaction 
was initiated by switching to the analyte stream, and the resonance signal followed in time, 
as taught by Wohlhueter, R.M. et al, (1994) 7. Immunol 153, 181-189. A flow rate of 5 

25 /xl/min was used throughout. Association rate curves observed with different IgG 
preparations were adjusted to a common baseline and superimposed. Initial velocities of 
association of the high-affinity components were estimated by measuring the initial linear 
slopes of the curves (e.g., in the interval of 430 to 500 seconds on the abscissa of Figure 
4). Antigen-antibody binding showed multiple kinetic components distinguishable into 

30 fast (450-500 seconds) and slow (800-1400 seconds) components (Fig. 4). 
Quantitatively, total IgG from the rabbit (#789) immunized in the presence of copolymer 
adjuvant contained much higher levels of high affinity antibodies. This conclusion was 
also supported by the biological analysis described below. 
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Example 4 

Use of Growth Inhibition Assays (GIA) and Antibody Dependent Cellular Inhibition 
Assays (ADCI)for Determining Growth Inhibitory Effects of Purified Antibodies 

Antibodies were purified from rabbits immunized with the CDC/NHMALVAC-I 
5 protein in Freund's adjuvant (R-Freund's), in copolymer adjuvant (R-copolymer), and in 
alum adjuvant (R-aIum-1 and R-alum-2), respectively. The results of in vitro experiments, 
performed to test the protective effects of antibodies with (antibody dependent cellular 
inhibition, ADCI) or without human monocytes (growth inhibition assay, GIA), showed 
that the antibodies against CDC/NIIMALVAC-1 inhibited parasite growth (Table 2B). The 
10 inhibitory effects were directly related to the concentration of antibodies (Table 2B). 

Inhibition of sporozoite invasion (ISI) assays were conducted to determine the 
inhibitory effects of antibodies as previously described by Hollingdale, M.R. et aL^ (1984) 
J. Immunol. 132, 909-913. Briefly, the purified antibodies were added at two different 
final concentrations (25 and 50 lig/ml) into the HepG2-A16 hepatoma cells, and then about 

15 30,000 P. falciparum sporozoites were added. The cells were incubated at 37°C in 5% 
CO2 for 3 hours, rinsed two times with phosphate-buffered saline (PBS), and fixed with 

methanol. Sporozoites that had entered hepatoma cells were visualized by 
immunocytochemical staining with a monoclonal antibody to P. falciparum sporozoites 
(NSFl), peroxidase-conjugated, goat anti-mouse immunoglobulin and the substrate 3,3- 

20 diaminobenzidine. All cultures were done in triplicate and the numbers of sporozoites that 
had invaded the hepatoma cells were determined by light microscopy. 

Antibody dependent cellular inhibition (ADCI) assays were carried out using 
described methods (Bouharoun-Tayoun, H. et al, (1995) /. ExpMed, 182, 409-418; 
Shi, Y.P. et aL, (1999) Am. J. Trop Med Hyg, 60(1), 135-141). Briefly, the purified 

25 antibodies were added at three different final concentrations (12.5, 25, and 50 M-g/ml) into 
FC27 strain blood-stage parasite cultures (0.3% parasitemia with 60% schizonts, and 1% 
hematocrit), along with 80,000 rhlPT^I-gamma (100 ng/ml)-activated human monocytes. 
The cell cultures were incubated at 37 C in a mixed gas containing 5% O2, 5% CO2, and 
90% N2 for 72 hours, with medium and antibody replacement every 24 hours. Parasites 

30 were stained with the vital dye hydroethidine (HE) and parasitemias were determined by a 
flow cytometry-based parasite enumerating procedure using FACScan. Transmission- 
blocking assays were performed by membrane feeding assays as taught by Wizel B. & 
Kumar, N. (1991) Proc. Natl. Acad. Sci. USA 88, 9533-9536. In this assay, P. 
falciparum (3D7) gametocytes were used to infect An. stephensi mosquitoes. Various IgG 

35 preparations were tested at the final concentration of 125 to 500 H-g/ml. 
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Determination of in vitro antiparasite activity of vaccine-elicited antibodies 

Antibodies from rabbits immunized with the vaccine in different adjuvants strongly 
inhibited sporozoite invasion of HepG2-A16 cells (Table 2A). Antibodies from the rabbit 
5 v^hich received the vaccine in block copolymer adjuvant almost completely inhibited 
sporozoite invasion (98% inhibition) at an antibody concentration of 50 M-g/ml. This level 
of inhibition was comparable with the inhibition observed using a positive monoclonal 
antibody control. Antibodies elicited against the vaccine in the presence of alum or 
Freund's adjuvants also inhibited invasion of sporozoites, although at lower levels. At 25 

10 \i%lm\, antibody-mediated inhibition was again most prominent in the case of antibodies 
from rabbits vaccinated with recombinant protein plus block copolymer adjuvant. 

ADCI experiments showed that the vaccine-elicited antibodies had significant 
inhibitory effects on in vitro growth of blood-stage parasites in the presence of monocytes. 
No growth inhibitory effects in the absence of monocytes were observed. The most 

15 striking ADCI activity was mediated by antibodies from the rabbit which received the 
vaccine co-polymer formulation (73% inhibition); lower activity was observed in those 
animals receiving vaccination in Freund's adjuvant (70%), and alum adjuvant (67%) 
(Table 2B). A concentration-dependent, antibody inhibition of growth was observed in 
the ADCI assay (Table 2B). As compared with the ADCI activity with the rabbit 

20 antivaccine antibodies, the activity of purified IgGs from Kenyan adults, who were 
clinically immune to malaria, was much lower (between I5%-29%). As compared with 
the sporozoite and blood-stage inhibitory activities, the results of transmission blocking 
assays did not reveal any significant inhibition. 



25 Example 5 

Test of Immunogenicity and Protective Efficacy of the Multivalent Vaccine in a Monkey 
Model System 

Monkeys received about 100 /xg of the vaccine described in Example 3 per animal 
for initial immunization and approximately 200 jxg per animal for booster injection. 

30 Animals were immunized with vaccine alone, and also in the presence of one of the 
following different adjuvants: alum; copolymer P1005 in saline; copolymer P1005 in 
water-in-oil; QS21 (Acquila Biopharmaceuticals, Boston, MA); Freund's complete 
adjuvant followed by Freund's incomplete adjuvant; and SBAS2 (Smith-Kline-Beechum, 
Belgium). The non-immunized group served as a control. Seven A. nancymai monkeys 

35 were assigned per treatment group except for the control group of 6 animals (n=55). After 
4 immunizations, animals are challenged with live parasites and the course of parasitemia 
is monitored in immunized and non-inrmiunized animals using techniques known to one of 
ordinary skill in the art. Blood samples are collected periodically throughout the trial to 
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evaluate humoral and cellular immune responses to CDC/NTIMALVAC-1 and to various 
peptides contained within CDC/MIMALVAC-1. 

Example 6 

5 Determination of Immunogenicity of CDC/NUMALVAC-1 in Inbred Mice 

Six- to eight-week old female, inbred strains of mice, C57BL/6 (H-2*'), BIO.BR 
(H-2*'), and B10.D2 (H-2**), were immunized subcutaneously with about 10 jLtg of 
purified CDC/NIIMALVAC-1 with alum adjuvant, or with a nonionic copolymer adjuvant 
P1005 in a water-in-oil emulsion. Control mice received only either adjuvant. A booster 

10 dose (10 /xg/mouse) was given 2 weeks after the primary immunization. Mice were bled at 
different time intervals, and cellular and humoral immune responses were determined 
according to published techniques (Lai, A. A., et aL, (1996) Infect. Immun. 64, 1054- 
1059; Coligan, J.E., et aL, Current protocols in immunology (1996), Vol. 1, pp. 2.1.2- 
2.L6, pp. 3.12.1-3.1.4, pp. 6.8.1-6.8.3, and Vol. 2, pp. 7.10.1-7.10.6, National 

15 Institutes of Health, John Wiley & Sons, Inc.). 

BIO.BR mice, irrespective of the adjuvant used, generated highest antibody titers 
after two immunizations. In the C57BL/6 mice, copolymer adjuvant induced the highest 
antibody titer. B10.D2 mice were low responders, but the copolymer adjuvant induced 
higher antibody responses than alum (Fig. 5). These results demonstrate that antibody 

20 production against CDC/NIIMALVAC-1 is influenced by both mouse H-2 genetic 
background and the adjuvant used for immunization. 

The best proliferative response was observed in BIO.BR mice followed by 
C57BL/6 mice andB10.D2 mice. The stimulation index (SI), which is a measurement of 
proliferative responses, in the adjuvant control group of mice was less than 2, indicating 

25 that the vaccine-induced response is specific as taught by Lai, A. A. et al,, (1996) Infect, 
Immun, 64, 1054-1059. The peak proliferative response was observed on day 21, and 
the response declined at the subsequent time points (Table 3). IFN-y levels were 
specifically elevated in immunized mice when compared to adjuvant control mice (Table 
4). This IFN-y response, unlike the proliferative response, was similar in all three strains 

30 of mice. 

Example 7 

Immunogenicity of CDC/NIIMALVAC-1 in Outbred Mice Using Different Adjuvant- 
Vaccine Formulations 

35 Outbred ICR mice were immunized subcutaneously with 10 /ig of 

CDC/NIIMALVAC-1 (2 injections total) at two week intervals in the presence of CpG 
oligonucleotides, QS21, copolymer and alum adjuvants. Control mice were given 
adjuvant alone. Four days after the second immunization, spleens were collected from two 
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Table 3. Proliferative response to CDC/NIIMALVAC-1 in immunized inbred 



mice 



Mtice 


Day of 
assay' 


Alum 
control^ 


Alum + 
vaccine 


Copolymer 
control 


Copolymer + 
vaccine 


C57BL/6 


21 


0.428 


4.12 


NT' 


2 




34 


1.2 


3.21 


1.39 


2.07 




48 


1.2 


1.6 


0.83 


0.35 














bio.br 


21 


1.11 


8 


1.15 


6.74 




34 


1.97 


4.92 


0.97 


3.64 




48 


1.59 


5.07 


1.68 


4.08 














B10.D2 


21 


0.29 


1.2 


0.59 


3.4 




34 


1.02 


1.98 


1.09 


1.9 




48 


0.66 


3.33 


0.32 


2.24 



1: Indicates the time at which after first immunization the spleens were obtained for in vitro 
proliferative assay. Spleens from two immunized or control mice were pooled and proliferative 
assays were done as described in the specification. 

2: The value represents stimulation index. A stimulation index of >2 was considered a positive 

response. 

3: Not tested 
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inbred mice 





Dav of assav 


Alum control 


Alum + 
vaccine 


Copolymer 
control 


Copolymer + 
vaccine 


C57BL/6 


21 


16 


0.48 


74 


11 




34 


0 


743 


0 


1641 




48 


247 


1449 


0 


1413 














bio.br 


21 


4 


0.13 


295 


65 




34 


168 


2614 


0 


1745 




48 


9 


967 


0 


1633 














B10.D2 


21 


14 


10 


0 


0 




34 


318 


925 


0 


1051 




48 


10 


1320 


0 


2508 



Spleens from two mice were pooled and cultured at 1X10* cell/well in 48 well plate. The cultures 
were stimulated with Ipig/ml of CDC/NHMALVAC-l and supematants were collected 48 hours 
later. The values are expressed as pg/ml of IFN-y in the culture supernatant and these values are 
represented after the subtraction of background cytokine levels in unstimulated control cultures. 
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immunized mice and one control mouse. The T cell responses to the vaccine and the 
synthetic peptides corresponding to the epitopes included in the vaccine were evaluated 
using the in vitro proliferative assay. The results are presented as stimulation index (SI). 
SI values of greater than 2 are considered positive. Total IgG antibody levels against the 
5 vaccine antigen in mice at day 45 and day 60 were determined using ELISA. 

The mice immunized with the QS21 and the copolymer adjuvant- vaccine 
formulations displayed elevated total IgG antibody titers 2 weeks after the third 
inmiunization, and maintained high total IgG antibody titers 5 weeks after the third 
immunization. All mice immunized with different adjuvant-vaccine formulations were able 

10 to induce a strong proliferative response to CDC/NHMALVAC-l. These proliferative 
responses, observed in an in vitro stimulation assay, were dependent on the antigen 
concentration. Among the four adjuvants, alum, CpG, and QS21-vaccine formulations 
induced a proliferative response to some of the individual epitopes (Pfg27, CSP, MSP-1, 
AMA-1, EBA-175 and RAP-1) (Table 5). Control mice immunized with adjuvant alone 

15 showed no antibody response or proliferative response to CDC/NHMALVAC-l, 
indicating that the humoral and cellular immune responses are vaccine specific. These 
results indicate that the T cells of mice immunized with CI)C/NIIMALVAC-1 recognize 
individual peptide epitopes derived from different stages in the life cycle of P. falciparum 
and contained within the vaccine. These data also suggest that the vaccine is effective in 

20 conferring protection to the different stages in the life cycle of P. falciparum. 

Example 8 

Determination of Immune Responses to CDC/NIIMALVAC-l in Individuals Naturally 
Exposed to Malaria 

25 Lymphocyte proliferation, cytokine, and antibody responses to 

CDCVNIIMALVAC-l were tested in nonimmune children and clinically immune adults 
from western Kenya, a malaria holoendemic area. Finger prick samples of heparinized 
blood were used in this study. The serum samples were used in determining the antibody 
response against the vaccine antigen and/or peptides in the vaccine antigen using ELISA 

30 methodology. In the case of T-cell proliferation assays, peripheral blood mononuclear 
cells (PBMCs) from these individuals were used. The PBMCs were cultured in the 
presence of vaccine antigen, CDC/NIIMALVAC-1. The T-cell proliferation was measured 
quantitatively and the cell culture supernatant was used for measuring cytokine levels using 
published techniques (Lai, A.A., et aL, (1996) Infect. Immun, 64, 1054-1059; Coligan, 

35 J.E., et aL, Current protocols in immunology (1996), Vol. 1, pp. 2.1.2-2.1.6, pp. 
3.12.1-3.1.4, pp. 6.8.1-6.8.3, and Vol. 2. pp. 7.10.1-7.10.6, National Institutes of 
Health, John Wiley & Sons, Inc.). 
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PBMCs from 76 infants age less than 12 months, and 59 adults from western 
Kenya, were examined for proliferative responses to CDC/NIIMALVAC-1. The 
individuals with a stimulation index (SI) value greater than 2.5 were considered positive 
5 responders. The results showed no difference in the rate of positive responders and the SI 
levels between infants and adults. However, PBMCs from infants required much higher 
concentrations of CDC/NIIMALVAC-1 for in vitro stimulation compared to the PBMCs 
from clinically immune adults. Among 37 infant positive responders, 73% displayed a 
high proliferative response when using antigen concentrations between 0.5 and 1 /Ag/ml, 
10 whereas 19% required 2.5 to 5 /xg/ml of antigen. In contrast, 79% of adult positive 
responders (n=28) required an antigen concentration of from about 0.001 to 0.1 fig/vnl for 
in vitro stimulation. These results indicate that malaria-specific immune activation is much 
higher in adults than in infants in a malaria holoendemic area. 

All patents, publications and abstracts cited above are incorporated herein by 
15 reference in their entirety. 

It should be understood that the foregoing relates only to preferred embodiments of 
the present invention and that numerous modifications or alterations may be made therein 
without departing from the spirit and the scope of the present invention as defined in the 
following claims. 
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CLAIMS 

What is claimed is: 

5 

1. A recombinant protein comprising peptides that contain 
antigenic epitopes from two or more stages in a life cycle of Plasmodium falciparum. 

2. The protein of Claim 1, wherein the peptides are selected 
10 from the group consisting of SEQ ID NOS:3-25, fragments thereof, combinations 

thereof, and conservative substitutions thereof. 

3 . The protein of Claim 1, comprising the amino acid sequence 
of SEQ ID NO:2, fragments thereof, or conservative substitutions thereof. 

15 

4. The protein of Claim 1, further comprising a signal peptide, 
polyhistidine, and a T-cell helper epitope. 

5 . The protein of Claim 1, wherein the stages are selected from 
20 the group consisting of sporozoite stage, liver stage, blood stage and sexual stage. 

6. The protein of Claim 1, encoded by the nucleotide sequence 
of SEQ ID NO:l, fragments thereof, or conservative substitutions thereof. 

25 7 . A method of enhancing an immune response of a human or 

animal to Plasmodium falciparum comprising administration to the human or animal of 
an effective amount of a protein composition comprising a recombinant protein in a 
pharmaceutically acceptable carrier, the recombinant protein comprising peptides that 
contain antigenic epitopes from two or more stages in a life cycle of Plasmodium 

30 falciparum. 

8. A protein composition comprising a recombinant protein in 
a pharmaceutically acceptable carrier, the recombinant protein comprising peptides that 
contain antigenic epitopes from two or more stages in a life cycle of Plasmodium 
35 falciparum, wherein the protein composition is immunogenic when administered to a 
human or to a nonhuman animal. 
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9. Antibodies immunoreactive to a recombinant protein 
comprising peptides that contain antigenic epitopes from two or more stages in a life 
cycle of Plasmodium falciparum, 

5 10. Use of the antibodies of Claim 9 for detection or 

measurement of peptides derived from two or more stages in the life cycle of 
Plasmodium falciparum. 
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SEQUENCE LISTING 
<110> The Govemment of the United States of America, et al . 

<120> Recombinant Multivalent Malarial Vaccine Against Plasmodium Falciparum 

<130> 03063-0440WP 

<140> 
<141> 

<160> 26 

<170> Patentin Ver . 2.0 

<210> 1 
<211> 1053 
<212> DNA 

<213> Artificial Seqiience 
<220> 

<223> Description of Artificial Sequence: recombinant 
dna/protein 

<220> 

<221> CDS 

<222> (1) . . (1053) 

<400> 1 

atg aaa ttc tta gtc aac gtt gcc ctt gtt ttt atg gtc gtg tac att 48 
Met Lys Phe Leu Val Asn Val Ala Leu Val Phe Met Val Val Tyr lie 
15 10 15 

tct tac ate tat gcg gat cat cat cat cat cat cat aaa cat aaa aaa 96 
Ser Tyr lie Tyr Ala Asp His His His His His His Lys His Lys Lys 
20 25 30 

tta aag caa cca ggg gat ggt aat cct tgg tec cca tgt agt gta act 144 
Leu Lys Gin Pro Gly Asp Gly Asn Pro Trp Ser Pro Cys Ser Val Thr 
35 40 45 

tgt gga aaa cct aaa gac gaa tta gat tat gaa aat gat att gaa aaa 192 
Cys Gly Lys Pro Lys Asp Glu Leu Asp Tyr Glu Asn Asp lie Glu Lys 
50 55 60 

aaa att tgt aaa atg gaa aaa tgt tec agt gtg ttt aat gtc gta aat 240 
Lys lie Cys Lys Met Glu Lys Cys Ser Ser Val Phe Asn Val Val Asn 
65 70 75 80 

agt aat tct gga tgt ttc aga cat tta gat gaa aga gaa gaa tgt aaa 288 
Ser Asn Ser Gly Cys Phe Arg His Leu Asp Glu Arg Glu Glu Cys Lys 
85 90 95 

tgt tta tta gaa gat tea ggt age aac gga aag aaa ate aca tgt gaa 33 6 
Cys Leu Leu Glu Asp Ser Gly Ser Asn Gly Lys Lys lie Thr Cys Glu 
100 105 110 

tgt act aaa cct gat tct aag cct att gtg caa tat gac aat ttc aat 384 
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tgt tta tta gaa 

Cys Leu Leu Glu 
100 

tgt act aaa cct 

Cys Thr Lys Pro 
115 

gca aac cca aac 

Ala Asn Pro Asn 
130 

gat ata cca cat 

Asp lie Pro His 
145 

gaa aaa tat gat 

Glu Lys Tyr Asp 



act cca tta gaa 
Thr Pro Leu Glu 
180 

tat ata aaa gca 
Tyr lie Lys Ala 
195 

aca ttc ata aac 
Thr Phe lie Asn 
210 

agg gaa gat gag 
Arg Glu Asp Glu 
225 

aaa gag ttt aca 
Lys Glu Phe Thr 



gaa cat cca tat 
Glu His Pro Tyr 
260 

tta aca gat tat 
Leu Thr Asp Tyr 
275 

gga aat ate tat 
Gly Asn lie Tyr 
290 

aag tea tea agt 
Lys Ser Ser Ser 
305 

tta atg aaa aaa 
Leu Met Lys Lys 



gat tea ggt 
Asp Ser Gly 



gat tct aag 
Asp Ser Lys 



gca aac ccc 
Ala Asn Pro 
135 

gta aat gaa 
Val Asn Glu 
150 

aaa atg gat 
Lys Met Asp 
165 

gaa tta tat 
Glu Leu Tyr 



aat tct aaa 
Asn Ser Lys 



aat get gga 
Asn Ala Gly 
215 

aga aeg ctt 
Arg Thr Leu 
230 

tat atg ata 
Tyr Met lie 
245 

caa aaa agt 
Gin Lys Ser 



gaa aaa att 
Glu Lys He 



gat tat cac 
Asp Tyr His 
295 

cca tea aat 
Pro Ser Asn 
310 

ttt aaa get 
Phe Lys Ala 



age aac gga 
Ser Asn Gly 
105 

cct att gtg 
Pro He Val 
120 

aat gca aat 
Asn Ala Asn 



ttt tea gca 
Phe Ser Ala 



gaa cca caa 
Glu Pro Gin 
170 

aaa cca aat 
Lys Pro Asn 
185 

ttt ata ggt 
Phe He Gly 
200 

caa cat gga 
Gin His Gly 



act aag gaa 
Thr Lys Glu 



aac ttt gga 
Asn Phe Gly 
250 

gat caa cct 
Asp Gin Pro 
265 

aaa gaa ggt 

Lys Glu Gly 
280 

tat gag cat 

Tyr Glu His 



gta aaa tea 
Val Lys Ser 



gaa ate aga 
Glu He Arg 



aag aaa ate aca 
Lys Lys He Thr 
110 

caa tat gac aat 
Gin Tyr Asp Asn 
125 

cct gat gga aat 
Pro Asp Gly Asn 
140 

att gat ctt gga 
He Asp Leu Gly 
155 

cat tat ggg aaa 
His Tyr Gly Lys 



gat aaa agt ttg 
Asp Lys Ser Leu 
190 

ata act gaa eta 
He Thr Glu Leu 
205 

cat atg cat ggt 
His Met His Gly 
220 

tat gaa gat att 
Tyr Glu Asp He 
235 

aga gga cag aat 
Arg Gly Gin Asn 



aaa caa tat gaa 
Lys Gin Tyr Glu 
270 

aag ccc ttg gat 
Lys Pro Leu Asp 
285 

tct agt cca tct 
Ser Ser Pro Ser 
300 

get agt eta get 
Ala Ser Leu Ala 
315 

gat ttc ttc ggt 
Asp Phe Phe Gly 



tgt gaa 33 6 
Cys Glu 



ttc aat 384 
Phe Asn 



tgt gaa 432 
Cys Glu 



aat get 480 
Asn Ala 
160 

tea etc 528 

Ser Leu 

175 

tat cag 576 
Tyr Gin 



age aac 624 
Ser Asn 



aac gag 672 
Asn Glu 



gtt ttg 720 
Val Leu 
240 

tat tgg 7 68 

Tyr Trp 

255 

caa eat 816 
Gin His 



aaa ttt 864 
Lys Phe 



agt aca 912 
Ser Thr 



aca aga 960 
Thr Arg 
320 

ata agt 1008 
He Ser 
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325 330 335 

tat tat gaa aag gtt tta gcg aaa tat aag gat gat tta gaa tag 1053 
Tyr Tyr Glu Lys Val Leu Ala Lys Tyr Lys Asp Asp Leu Glu 
340 345 350 



<210> 2 
<211> 350 
<212> PRT 

<213> Artificial Sequence 
<400> 2 

Met Lys Phe Leu Val Asn Val Ala Leu Val Phe Met Val Val Tyr lie 
15 10 15 

Ser Tyr lie Tyr Ala Asp His His His His His His Lys His Lys Lys 
20 25 30 

Leu Lys Gin Pro Gly Asp Gly Asn Pro Trp Ser Pro Cys Ser Val Thr 
35 40 45 

Cys Gly Lys Pro Lys Asp Glu Leu Asp Tyr Glu Asn Asp lie Glu Lys 
50 55 60 

Lys lie Cys Lys Met Glu Lys Cys Ser Ser Val Phe Asn Val Val Asn 
65 70 75 80 

Ser Asn Ser Gly Cys Phe Arg His Leu Asp Glu Arg Glu Glu Cys Lys 
85 90 95 

Cys Leu Leu Glu Asp Ser Gly Ser Asn Gly Lys Lys lie Thr Cys Glu 
100 105 110 

Cys Thr Lys Pro Asp Ser Lys Pro lie Val Gin Tyr Asp Asn Phe Asn 
115 120 125 

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asp Gly Asn Cys Glu 
130 135 140 

Asp lie Pro His Val Asn Glu Phe Ser Ala lie Asp Leu Gly Asn Ala 
145 150 155 160 

Glu Lys Tyr Asp Lys Met Asp Glu Pro Gin His Tyr Gly Lys Ser Leu 
165 170 175 

Thr Pro Leu Glu Glu Leu Tyr Lys Pro Asn Asp Lys Ser Leu Tyr Gin 
180 185 190 

Tyr lie Lys Ala Asn Ser Lys Phe lie Gly lie Thr Glu Leu Ser Asn 
195 200 205 

Thr Phe lie Asn Asn Ala Gly Gin His Gly His Met His Gly Asn Glu 
210 215 220 

Arg Glu Asp Glu Arg Thr Leu Thr Lys Glu Tyr Glu Asp lie Val Leu 
225 230 235 240 
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Lys Glu Phe Thr 



Glu His Pro Tyr 
260 

Leu Thx Asp Tyr 
275 

Gly Asn lie Tyr 
290 

Lys Ser Ser Ser 
305 

Leu Met Lys Lys 



Tyr Tyr Glu Lys 
340 



Tyr Met lie Asn 
245 

Gin Lys Ser Asp 



Glu Lys lie Lys 
280 

Asp Tyr His Tyr 
295 

Pro Ser Asn Val 
310 

Phe Lys Ala Glu 
325 

Val Leu Ala Lys 



Phe Gly Arg Gly 
250 

Gin Pro Lys Gin 
265 

Glu Gly Lys Pro 



Glu His Ser Ser 
300 

Lys Ser Ala Ser 
315 

lie Arg Asp Phe 
330 

Tyr Lys Asp Asp 
345 



Gin Asn Tyr Trp 
255 

Tyr Glu Gin His 
270 

Leu Asp Lys Phe 
285 

Pro Ser Ser Thr 



Leu Ala Thr Arg 
320 

Phe Gly lie Ser 
335 

Leu Glu 
350 



<210> 3 
<211> 16 
<212> PRT 

<213> Plasmodium falciparum 
<400> 3 

Lys Pro Leu Asp Lys Phe Gly Asn lie Tyr Asp Tyr His Tyr Glu His 
15 10 15 



<210> 4 
<211> 12 
<212> PRT 

<213> Plasmodium falciparum 
<400> 4 

Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro 
15 10 



<210> 5 
<211> 13 
<212> PRT 

<213> Plasmodium falciparum 
<400> 5 

Lys His Lys Lys Leu Lys Gin Pro Gly Asp Gly Asn Pro 
15 10 



<210> 6 
<211> 23 
<212> PRT 

<213> Plasmodium falciparum 



<400> 6 
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Lys Pro Lys Asp Glu Leu Asp Tyr Glu Asn Asp He Glu Lys Lys He 
15 10 15 

Cys Lys Met Glu Lys Cys Ser 
20 



<210> 7 
<211> 21 
<212> PRT 

<213> Plasmodium falciparum 
<400> 7 

Asp He Glu Lys Lys He Cys Lys Met Glu Lys Cys Ser Ser Val Phe 
15 10 15 

Asn Val Val Asn Ser 
20 



<210> 8 
<211> 9 
<212> PRT 

<213> Plasmodium falcipariim 
<400> 8 

Trp Ser Pro Cys Ser Val Thr Cys Gly 
1 5 



<210> 9 
<211> 9 
<212> PRT 

<213> Plasmodium falciparum 
<400> 9 

Lys Pro He Val Gin Tyr Asp Asn Phe 
1 5 



<210> 10 
<211> 8 
<212> PRT 

<213> Plasmodium falciparum 
<400> 10 

Lys Pro Asn Asp Lys Ser Leu Tyr 
1 5 



<210> 11 
<211> 18 
<212> PRT 

<213> Plasmodium falcipartim 



<400> 11 

Asn Ser Gly Cys Phe Arg His Leu Asp Glu Arg Glu Glu Cys Lys Cys 
15 10 15 
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Leu Leu 



<210> 12 
<211> 19 
<212> PRT 

<213> Plasmodium falciparum 
<400> 12 

Glu Asp Ser Gly Ser Asn Gly Lys Lys lie Thr Cys Glu Cys Thr Lys 
15 10 15 

Pro Asp Ser 



<210> 13 
<211> 17 
<212> PRT 

<213> Plasmodium falciparum 
<400> 13 

Gly lie Ser Tyr Tyr Glu Lys Val Leu Ala Lys Tyr Lys Asp Asp Leu 
15 10 15 

Glu 



<210> 14 
<211> 8 
<212> PRT 

<213> Plasmodium falciparum 
<400> 14 

Ser Asn Thr Phe lie Asn Asn Ala 
1 5 



<210> 15 
<211> 8 
<212> PRT 

<213> Plasmodium falciparum 
<400> 15 

Gly Gin His Gly His Met His Gly 
1 5 

<210> 16 
<211> 18 
<212> PRT 

<213> Plasmodium falciparum 
<400> 16 

Asp Gly Asn Cys Glu Asp lie Pro His Val Asn Glu Phe Ser Ala lie 
15 10 15 
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Asp Leu 



<210> 17 
<211> 18 
<212> PRT 

<213> Plasmodium falciparum 
<400> 17 

Gly Asn Ala Glu Lys Tyr Asp Lys Met Asp Glu Pro Gin His Tyr Gly 
15 10 15 

Lys Ser 



<210> 18 
<211> 19 
<212> PRT 

<213> Plasmodium falciparum 
<400> 18 

Asp Gin Pro Lys Gin Tyr Glu Gin His Leu Thr Asp Tyr Glu Lys lie 
15 10 15 

Lys Glu Gly 



<210> 19 
<211> 22 
<212> PRT 

<213> Plasmodium falciparum 
<400> 19 

Glu Phe Thr Tyr Met lie Asn Phe Gly Arg Gly Gin Asn Tyr Trp Glu 
15 10 15 

His Pro Tyr Gin Lys Ser 
20 



<210> 20 
<211> 19 
<212> PRT 

<213> Plasmodium falciparum 
<400> 20 

Asn Glu Arg Glu Asp Glu Arg Thr Leu Thr Lys Glu Tyr Glu Asp lie 
15 10 15 

Val Leu Lys 



<210> 21 
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<211> 8 
<212> PRT 

<213> Plasmodium falciparum 
<400> 21 

Leu Thr Pro Leu Glu Glu Leu Tyr 
1 5 



<210> 22 
<211> 16 
<212> PRT 

<213> Plasmodium falciparum 
<400> 22 

Ser Ser Pro Ser Ser Thr Lys Ser Ser Pro Ser Asn Val Lys Ser Ala 
15 10 15 



<210> 23 
<211> 17 
<212> PRT 

<213> Plasmodium falciparum 
<400> 23 

Leu Ala Thr Arg Leu Met Lys Lys Phe Lys Ala Glu lie Arg Asp Phe 
15 10 15 

Phe 



<210> 24 
<211> 15 
<212> PRT 

<213> Clostridium tetani 
<400> 24 

Gin Tyr lie Lys Ala Asn Ser Lys Phe lie Gly lie Thr Glu Leu 
15 10 15 



<210> 25 
<211> 22 
<212> PRT 
<213> Honey bee 

<400> 25 

Met Lys Phe Leu Val Asn Val Ala Leu Val Phe Met Val Val Tyr lie 
15 10 15 

Ser Tyr lie Tyr Ala Asp 
20 



<210> 26 
<211> 6 
<212> PRT 
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<220> 

<223> Description of Artificial Sequence: synthetic 
<400> 26 

His His His His His His 
1 5 
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